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DIRECTION OF SHIFT IN THE JUDGMENT 


OF 


SINGLE 


STIMULI! 


ALLEN PARDUCCI? 


Unwwersity of Oregon 


When a change is made in the range 
of the stimuli being presented for 
judgment, Ss typically change their 
adaptation level and general judgment 
scale for the stimulus dimension they 
are judging. Introduction of new 
stimuli which are more extreme, 
larger, heavier, or longer than any of 
the stimuli already presented produces 
a shift in the judgments applied to the 
old stimuli. These rejudgments tend 
to employ less extreme categories, the 
old stimuli being judged smaller, 
lighter, or shorter than they had been 
before the extension of the stimulus 
range (e.g., 2, 6, 7). 

Principles describing these shifts in 
judgment have been elaborated by 
Helson (2), Johnson (4), and Volk- 
mann (9). Their formulations sug- 
gest also that if the range of the 
stimuli were restricted instead of ex- 
tended, e.g., if the largest, heaviest, or 
longest stimuli were dropped out of 


'This research was carried out while the 
author held a fellowship from the National 
Science Foundation. Experiments II, III, and 
IV were reported in a dissertation submitted in 
partial fulfillment of the requirements for the 
Ph.D. degree at the University of California. 
The author is indebted to Dr. Leo Postman, 
thesis director. 

2? Now at Swarthmore College 


the series being presented for judg- 
ment, the judgments of the remaining 
stimuli would shift in the opposite 
direction. Thus, Ss would tend to 
apply the extreme judgment cate- 
gories to the most the 
remaining stimuli. 

Although there appear to have been 
no experimental studies of shifts in 
judgment following restriction of the 
stimulus range, this would seem to be 
a fruitful area for research because of 
the special opportunities for varying 
the discriminability of the stimulus 
shifts. If the stimuli which 
dropped out had appeared only in- 
frequently during the preshift series, 
their absence might not be expected 
to produce an immediate shift in Ss’ 
judgments. The experiments to be 
reported in this paper attempted to 
study the effects upon judgment of 
different stimulus shifts by manipu- 
lating the relative frequencies with 
which the stimuli were presented both 
in the preshift and postshift stimulus 
series, 


extreme of 


were 


ExPeRIMENT | 


With the aim of establishing two 
levels of discriminability of stimulus 
shift, two different preshift distribu- 
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tions of stimuli were selected : one was 
positively skewed while the other was 
negatively skewed. The postshift 
series, the same under both conditions, 
was a restricted range of stimuli 
drawn from the lower half of the pre- 
shift range. It was assumed that the 
stimulus shift would be more readily 
discriminated when the postshift stim- 
uli were those which appeared least 
frequently in the preshift distribution, 
and that this would result in a more 
rapid readjustment of the judgment 
scale to the postshift stimuli. 

A second variable explored in Exp. I 
was the amount of experience Ss had 
with the preshift distributions. Both 
Johnson (4) and Tresselt (8) had 
found that the rate of readjustment to 
the postshift range was an inverse 
function of the number of presenta- 
tions of the preshift stimuli. This 
variable was introduced into the 
present experiment because of the 
surprisingly small amount of shift 
found with the initial groups which 
had been exposed to an arbitrarily 
selected number of preshift pres- 
entations. 


Method 


Subjects.—The Ss were 112 
elementary psychology at the University of 
California. They were randomly divided into 
seven groups with from 12 to 20 Ss in each. 

Materials.—The stimuli were nine square, 
black cards with the following widths: 2, 24, 
3, 34, 44, 54, 64, 73, and 9 in. 

Procedure.—Fach group (the respective 
groups were run at different hours) was given 
response sheets and was read the following 
instructions: 

“Your task in this experiment is to judge the 
size of different square cards. You will be 
presented with a series of cards like this [the 
first card was shown]. As each card is pre- 
sented, you make a judgment of how large or 
small it appears to you. Record your response 
in terms of one of the five size categories listed 
at the top of the page. Use the abbreviations 
shown: if the card looks very large to you, 
write VL; large—L; medium—M; small—S 


students in 
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and very small—VS. Do not go back and 
change your responses after new stimuli have 
been presented. This experiment concerns 
subjective impressions only; and since you are 
to judge how large the card looks to you on that 
presentation, there can, of course, be no right 
or wrong answers. Please respond to every 
card even if the decision seems difficult with the 
first ones.” 

After these instructions, the stimuli were 
displayed manually to Ss, being held one at a 
time before a white, 28 X 44-in. backdrop. 
The E called out the number of each of the 
successive presentations to help Ss record their 
judgments in the proper place. For each of the 
six experimental groups there were a total of 
approximately 172 stimulus presentations (plus 
or minus one to even out the series). The three 
levels of preshift experience consisted of 44, 88, 
and 132 presentations, respectively. At each 
of these levels, one group (hereafter designated 
N) was presented with stimuli from the nega- 
tively skewed distribution in which each of the 
five largest stimuli appeared eight times as 
often as each of the four smiallest stimuli. The 
order was quasi-random, i.e., the smallest cards 
appeared on presentations 9, 15, 30, 37, ete.; 
cach of the five largest cards appeared equally 
often during the remaining presentations in a 
block pattern such as was used earlier by 
Parducci (6). For the three groups judging 
stimuli from the positively skewed distribution, 
the P groups, each of the five smallest stimuli 
appeared eight times as often as each of the four 
largest stimuli. For all six experimental groups, 
the postshift series consisted of the five smallest 


TABLE 1 


PRESENTATION OF THE STIMULI 
in Exe. I-IV 


Poeshite Series* 


Group 


P-44 (PR) 


Postshift Series* 


24]; 6-913 


J 


l 
2}; 5-916 
3}; 5-91 24 
2]; 59116 
2 
9 
9 
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; 5-9 


" ' 
MMA 


Control 5] 
PE 

PE-pitch 
PR-pitch 
NE 
NE-color 
NR-color 


| aes 
$34: 44 


}—Blue 


* Unbracketed numerals represent stimulus values 
(assigned in order of increasing size or pitch); adjacent 
bracketed numerals represent respective frequencies of 
presentation 
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JUDGMENT OF SINGLE STIMULI 


stimuli presented repeatedly in quasi-random 
order as in the preshift P series but without the 
four largest stimuli. A control group judged 
only this postshift series, receiving 100 pres- 
entations in all. The respective stimulus series 
are summarized in Table 1. 

The specific hypotheses were: (a) that the 
N groups would readjust to the postshift series 
more quickly than the P groups, and (5) that the 
rate of shift from both preshift distributions 
would decrease as a function of amount of 
experience with these distributions. 


Results 


The judgments were converted to 
numerical form: very large = 5, 
large = 4, medium = 3, small = 2, 
very small = 1. ‘To simplify the cal- 
culations, only the judgments of the 
middle stimulus were used. This was 
the one stimulus which appeared with 
maximum frequency in both the P 
and N preshift series, and the judg- 
ments of it were the ones most affected 
by the stimulus shift. 


The intention had been to compare the 
different experimental groups on the basis of the 
number of postshift presentations necessary 
before their judgments of the middle stimulus 
were the same as the mean judgment of it made 
by the control group. This proved to be im- 
possible. The control group on every trial 
judged it to be between “large” and “very 
large,” the tabulated mean for its last eight 
judgments of this stimulus being 4.6. Of the 
six experimental groups, none ever approached 
this average; Group P-44, which came the 
closest, at no time exceeded 3.6, a full judgment 
category lower than the 
judgment. 


control's average 


It was this failure to readjust the 
judgment scale to the postshift series 
that had suggested exposing groups 
to different amounts of preshift ex- 
perience (the two 88-presentation 
groups having been run first). In 
order to evaluate the effects of differ- 
ent amounts of preshift experience and 
also to compare the effects of the two 
preshift distributions, a measure of 
each S’s judgment shift was calculated 
by subtracting his mean judgment of 


TABLE 2 
Mean Suirt in JupGment 


Exe. I 


Group 


P44 


ce | 
P-132 
N-44 | 
N-&K 
N-132 
N-88A | 


the last three preshift presentations 
of the middle stimulus from the mean 
of his first eight postshift judgments 
of this same stimulus. The group 
means and SDs presented in 
Table 2. An analysis of variance per- 
formed upon these scores (with all 
groups reduced to N = 12) indicated 
that the effect of the preshift dis- 
tributions (i.e., discrimi- 
nability of the shifts) was statistically 
significant (P < .OO1); the effect of 
the different amounts of preshift ex- 
perience was less so (P < .05); and 
the interaction not significant. 
A corresponding analysis using the 
relatively distribution-free Mood 
Median Test (5) yielded similar 
probabilities except that the effect of 
the amount of preshift experience ap- 
peared less significant (P < .20) 
Use of the Mood test was suggested 
by the marked heterogeneity of vari- 
ance (Bartlett’s test: P < 01) which 
reflected the fact that over half of the 
P group Ss made no shift at all in 
their judgments. An analysis of vari- 
ance performed upon the three N 
group shifts was significant (P < .O1) 
The apparently curvilinear relation- 
ship between the amount of shift and 
the amount of preshift experience was, 
however, a completely unexpected 
characteristic of these results. Group 
N-88, not Group N-44, showed the 
greatest shift. Additional evidence 
that this inversion was not an artifact 
of sampling is provided by the per- 


are 


assumed 


was 
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TABLE 


Exe. 1: Mean Paesuirt Jupcments 





N 


* The three P and the three N groups combined. 


formance of an additional group of 20 
Ss (Group N-88A) run under the 
same conditions as Group N-88 with 
the exception that it was presented 
with each of the nine stimuli used in 
the preshift distribution during the 
first nine presentations (instead of 
having the four smallest stimuli 
scattered randomly over the first 44 
presentations, the remaining four 
presentations of these smallest stimuli 
were randomly scattered over the 
entire 88-presentation series). This 


group was added under the assump- 
tion that an initial experience with 
the total range might anchor the judg- 


ment scale, minimizing subsequent 
changes in judgment. The amount of 
shift by the new group, however, was 
even larger than that by Group N-88 
(see Table 2). Both of these groups 
showed significantly more _ shift 
(P < Ol) than either Group N-44 or 
Group N-132. 

An incidental result of this experi- 
ment (see Table 3), not relevant to 
the hypotheses under consideration 
but of some significance for the study 
of the formation of judgment scales, 
was that the mean of the last three 
preshift judgments of the middle 
stimulus by Ss in the three P groups 
was significantly larger than the 
corresponding means for the three N 
groups (P < .0001). 


Discussion 


This last, incidental finding supports 
the weighted-mean approach taken by 
Helson (2) and Johnson (3). The ex- 


perimental groups all judged stimuli 
covering the same range; the only 
difference between their treatments was 
in the distribution, or relative frequency, 
of the stimuli within that range. In 
accordance with the weighted-mean ap- 
proach, the N series (with the larger 
mean stimulus value) evoked “‘smaller”’ 
judgments of the middle stimulus than 
did the P series. These results suggest 
limitations for theories that stress the 
range of the stimuli (9). 

The greater judgment shifts by the N 
than by the P groups is also consistent 
with the weighted-mean approach. This 
is because the mean of the postshift 
stimuli is closer in value to the mean of 
the positively skewed preshift series. 
The differences in judgment associated 
with amount of preshift experience are 
not consistent, however, with either this 
approach or with the experimental find- 
ings of Johnson (4) and Tresselt (8). 
It should be noted that there are 
prominant differences between their ex- 
periments and the present one. John- 
son’s Ss judged the pitch of tones while 
Tresselt’s judged lifted weights. The 
stimulus ranges of Johnson’s pre- and 
postshift distributions did not overlap. 
Tresselt’s overlapped, but her shift in 
volved an extension rather than a re- 
striction of the stimulus range. What- 
ever the crucial differences, however, the 
present data suggest that the rigidity of 
the judgment scale is not a simple, in- 
creasing function of the amount of pre- 
shift experience. 

The most surprising outcome of this 
experiment was the smallness of the 
judgment shifts. The three P groups 
shifted hardly at all, and none of the 
groups (not even Groups N-44 and P-44 
that had 26 repetitions of the postshift 
series) ever approached the level of the 
control group. These results are quite 
different from Johnson’s (4) in which the 
control level had been reached after only 
three repetitions of the postshift series. 
While it had been anticipated that the 
P groups would be slow to shift (because 
they would not immediately recognize 
that the large stimuli were no longer 
appearing), such considerations would 
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hardly apply to the N groups. The 
results of this experiment thus raise 
doubts concerning the conceptualization 
of the judgment process as one in which 
S§ fits his scale to the distribution of 
stimuli he is judging. Here we appear 
to have found a fixation of scale which 
leaves § relatively insensitive to restric- 
tion of the range of the stimuli. It would 
seem important to study this situation 
further, attempting to single out those 
of its characteristics which might ac- 
count for this unexpected failure to find 
greater shift in judgment. 


Experiment II 


To determine whether the failure to 
shift in Exp. I was due to the range 
being restricted rather than extended, 
the direction of the stimulus shift was 
reversed. A new group of Ss was 


presented with a preshift series cor- 
responding to the former postshift 
series, and with a postshift series 
corresponding to the former preshift 


series. Thus for this new group, the 
stimulus shift involved an extension 
rather than a restriction of the total 
range of stimulus values. To make 
the results more comparable with 
Johnson’s and also to increase their 
generality, two additional groups were 
asked to judge the pitch of a series of 
tones. The respective frequencies of 
these tones corresponded to the differ- 
ent sizes presented to the card-judging 


groups. 


Method 


Subjects. —Three groups, totaling 46 Ss, wer« 
drawn from the introductory psychology courses. 
The judgments made by Group P-44 in Exp. I 
were also used in this experiment. 

Materials.—-The two card-judging groups 
were presented with the stimuli used in Exp. I. 
The other two groups were presented with pure 
tones. These had been recorded on a sound 
tape, an oscillator and a voice microphone 
(through which the number of each succeeding 
judgment was before the tone 
sounded) both feeding into the tape recorder. 


announced 
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Separate tone series were recorded for the two 
groups. The frequencies of the respective tones 
were 200, 400, 600, 800, 1000, 1200, 1400, 1700 
and 2000 eps. 

Procedure.—The new card-judging group 
(hereafter called Group PE) received the same 
instructions as had been given to Group P-44 
(hereafter called Group PR) for which the 
range had been restricted. Appropriate changes 
were made in the instructions to the two pitch 
judging groups (PE-pitch PR-pitch) 
Their judgments were to be made in terms of 
a five-category pitch scale: very high, high, 
medium, low, and very low. The preshift series 
for both the PE groups consisted of 45 ran 
domized presentations, nine each of the five 
smallest (or lowest pitched) stimuli. The post 
shift series for these two groups was composed of 
132 presentations of the preshift P series, 
following the same order of presentation (i.c., 
the preshift series presented to Group P-132 
of Exp. 1). The third new group, PR-pitch, 
judged tones whose successive stimulus values 
followed the same order as the cards presented 
to its counterpart, the former P-44 group (see 


Table 1). 


and 


Results 


The judgments were again con- 
verted to numerical form, just as in 
Exp. I. In this and the following 
experiments, the difference between 
each S’s mean judgment of the last 
three preshift presentations of the 
middle stimulus and the mean of his 
first eight postshift judgments of this 
same stimulus was computed. This 
provided a measure of his immediate 
shift. The measure of each S's total 
shift was the difference between his 
preshift mean and the mean of his /ast 
eight judgments of the middle stim- 
ulus. The sign of this difference for 
each group was kept positive by sub- 
tracting, under each condition, the 
mean judgment for the wide range 
from the corresponding mean for the 
narrow range (this yielded small 
negative scores for certain Ss but 
never for the group means). 

The results for Exp. II are pre- 
sented in Table 4. It should first be 
noted that the magnitude of the 
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TABLE 4 


Total 
Shift 


Immediate 
Shift 


12 
17 


14 
20 

















judgment shifts was much greater 
when the range of the stimuli was 
extended rather than restricted; in 
fact, both PE groups reached the 
preshift level of their corresponding 
PR groups, i.e., ended up by judging 
the middle stimulus when it occurred 
in the total range with the same 
average category as would have been 
applied to it if the total range had 
been presented from the beginning. 
An analysis of variance (see Table 5 
for this and all subsequent analyses of 
variance) performed upon the total- 
shift scores revealed a_ significant 
interaction (P < .05) between the 
direction of stimulus shift (extension 
or restriction of range) and the nature 
of the stimulus materials (cards or 
tones). There was no indication of 
interaction, however, in a correspond- 
ing analysis of the immediate-shift 
scores (transformed logarithmically 
to reduce heterogeneity of variance 
due to almost complete absence of 
shift by the groups for whom the 
range was restricted). With both 
analyses, the direction-of-shift effect 
was highly significant (P < .001); but 
it was not significant at the .05 level 
when tested against the interaction in 
the total-shift analysis. Three of the 
t tests between the means of the 
corresponding extension and restric- 
tion groups yielded differences sig- 
nificant at the .0O1 level; the fourth, 


TABLE 5 


Exe. II, III, 1V: Anatyses or Variance 
or JupGment Sutrts 











Source 


Mean 
F | Square 


“xperiment II 


Direction of shift -164}27.33**| 4.43 |24.61** 
Nature of stimuli | .015| 2.50 20) VAN 
Interaction O01 1.17 | 6.50* 


Within 006, | 18 





Experiment III 


251143.65*! 13.88 |45.06"* 
108} 18.78**! 6.36 |20.65** 
O17) 2.94 | .29| 

| 3l 


Direction of shift 
Discriminability 
Interaction 
Within 

xperiment IV 


' 
Direction of shift [12.70 |33.42**| 10.39 |24.74** 
Color change 1.28 | 3.37 | 2.51) 5.98° 
Interaction 86 | 2.27 1.09} 2.60 
Within 38 A2| 





Note. All groups reduced to N = 12 by random 
selection. For all main effects and interactions, 
df = 1; df = 44 for each within-cell variance estimate 

* Significant at the .05 level. 

** Significant at the .001 level. 

t Based upon logarithmic transformations of the 
difference scores in Exp. Il and III, but not in Exp. IV 


the total-shift comparison for the two 
pitch groups, was significant at only 
the .10 level. 


Discussion 


The results indicate that with these 
stimuli an extension of the range evokes 
a greater shift in judgment than does a 
restriction of the range. While this 
effect was not so pronounced with the 
total-shift measure of the judgments of 
pitch, there are grounds for regarding the 
immediate-shift scores as more informa- 
tive in this respect. This is because the 
mean preshift judgments by the two 
pitch groups were only slightly more than 
one-half a category apart, most Ss 
judging the middle tone to be either high 
or very high. This may have been due 
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to a contrast effect produced by the 
interpolated voice of E (calling out the 
presentation numbers). Whatever its 
basis, it placed a limit upon the amount 
of shift the pitch groups could be ex- 
pected to make; and this limit was 
reached by Group PE-pitch before it 
was two-thirds of the way through its 
postshift series. Group PR-—pitch never 
reached its expected limit, the preshift 
level of Group PE-pitch. 

These results, while they perhaps have 
a certain common-sense obviousness, are 
not readily subsumed under the more 
general judgment principles presented 
by Helson (2), Johnson (4), and Volk- 
mann (9). Nor would a differential 
weighting for expected recency effects 
(4, 6) handle the differences in shift. 
Some rationale would be required for 
giving greater weighting to the wider 
distribution than to the narrower one. 
Until more is known about the effect of 
the direction of stimulus shift, there 
could be little basis for such differential 
weighting. 


Experiment III 


A possible explanation for the 
smaller judgment shifts following 
restriction of the stimulus range is 
that Ss could not discriminate the 
stimulus shift. If the restriction of 
the range were easier to discriminate, 
as it was assumed to be for the N 
groups in Exp. I, the effect of the 
direction of shift should be less pro- 
nounced than it was in Exp. II. To 
test this hypothesis, an additional 
group of 12 Ss, Group NE, was run 
under the same conditions as Group 
PE except that it judged as its post- 
shift series the preshift series pre- 
sented to Group N-132 in Exp. I 
(see Table 1). The difference in shift 
between Groups NE and NR could 
thus be compared with the difference 
between Groups PE and PR; if the 
smaller shifts following restriction of 
range are due to the difficulty of 
discriminating this restriction, the two 
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TABLE 6 


Exe. II] ann IV: Mean Jupcment Sutrt 


Total 
Shift 


Immediate 
Shift 
Group 


Exp. IIL: 
NE 
NR 

Exp. IV 
NE—color 
NR—color 

















N groups should be more alike in the 
magnitude of their shifts than the two 
P groups. This discriminability hy- 
pothesis would be supported by a 
significant interaction between the 
effects of the direction of the stimulus 
shift and the discriminability of the 


shift. 


Results and Discussion 


The scores were tabulated just as 
in Exp. II. The means and SD’s of 
Groups NE and NR are presented 
in the top portion of Table 6 (for 
Exp. III, they are to be compared 
with the means of Groups PE and PR 
presented in the top half of Table 4). 
Analyses of variance (Table 5) wer 
performed upon both the raw total- 
shift scores and upon logarithmic 
transformations of the immediate-shift 
scores (transformed to reduce hetero- 
geneity of variance). In neither anal- 
ysis did the interaction approach 
significance (in both, P > .05); but 
the two main effects, discriminability 
of shift (P or N) and direction of shift 
(E or R), were highly significant 
(P < .00O1 for all four F ratios). 
Thus while the results give added 
support to the previously observed 
importance of the direction of the 
stimulus shift, they provide no basis 
for ascribing this effect to Ss’ inability 
to discriminate the restriction of the 
stimulus range. 
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Of the 16 Ss in Group NR, 11 
showed an “immediate shift” with the 
dropping out of the four largest 
stimuli and 13 had shifted by the end 
of the postshift series (total-shift 
measure). No S in this group de- 
creased his judgment of the middle 
stimulus after the shift. This indi- 
cates that Group NR was responding 
systematically to the shift and is 
consistent with the assumption that 
the shift was more readily discrimi- 
nable for Group NR than for Group 
PR; for of the 17 Ss in Group PR, 
5 Ss showed no “total shift” at all, 
and 4 Ss actually shifted in the op- 
posite direction. 

The tendency for the N groups to 
shift more than the P groups was 
already discussed in conjunction with 
Exp. I where it was noted that the 
discriminability effect is consistent 
with judgment theories emphasizing 
the respective frequencies of the 
different stimulus values (2, 4). 


Experiment [LV 


In a previous experiment (6), an 
interpolated series of larger cards was 
found to have less of an anchoring 
effect upon rejudgments of the orig- 


inal series of cards when the two 
series were different in color than 
when they were the same color. It 
seemed unlikely that the effect of this 
unjudged dimension could have been 
based upon any difference in the dis- 
criminability of the shifts between 
the two series since all Ss responded 
to these shifts (with corresponding 
change in judgment) even when both 
series were the same color. Perhaps 
the change in color indicated to Ss 
that there were two separate series 
which were to be judged by different 
standards. Following this line of 
speculation, it might be argued that 
the direction-of-shift effect in the 
present experiments was due to a 
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difference in the information provided 
by the two directions of shift. When 
the range of the stimuli was extended, 
Ss recognized at once that the post- 
shift stimuli formed a new series. 
When the range was restricted, Ss 
might have discriminated the stimulus 
shift, recognized that some of the 
stimuli were not being shown, and yet 
not have attributed the shift to a 
permanent change in the stimulus 
series. They might thus have saved 
their extreme (e.g., largest) judgment 
categories for the missing members of 
the preshift series. 


To test this possibility, two new groups (NE- 
color with 12 Ss and NR-color with 15 Ss) were 
exposed to the same stimuli as Groups NE and 
NR in Exp. III (see Table 1); however, the 
preshift stimuli for Group NE-color and the 
postshift stimuli for Group NR-color were blue 
rather than black in color. The hypothesis 
was that the introduction of this color shift 
should produce greater shifts in judgment. ‘The 
increase in shift should be greater following 
restriction of range since, even without the 
change in color, Ss had presumably recognized 
the permanent change in the distribution when 
the range was extended. 


Results 


The means and SD’s of the two new 
groups are presented in the bottom of 
Table 6. In accordance with the 
hypothesis, Group NR-color shifted 
more than Group NR on both the 
immediate- and total-shift measures 
(P < Ol and .02, respectively). The 
slightly greater shifts by Group NE 
color than by Group NE did not ap- 
proach significance on either meas- 
ure; this also is consistent with the 
experimental hypothesis. However, 
analyses of variance performed on 
both the immediate- and total-shift 
scores (see Table 5) indicated that 
neither interaction was significant. 
This means that the greater effect of 
color change when the stimulus range 
is restricted rather than extended is 
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not statistically significant when all 
four groups are compared in one 
analysis. 


The direction-of-shift effect was 


again significant (P < .001 for both 
immediate and total shifts), and the 
effect of color change was significant 
at the .05 level for the total-shift but 
not for the immediate-shift analysis. 


Discussion 


The results of Exp. IV are consistent 
with the assumption that introduction of 
a color change would serve to further 
isolate the pre- and postshift stimulus 
series. Some of the conditions determin- 
ing the degree of this isolation in all four 
experiments might be tied together by 
means of an analogy to random sampling 
from a hypothetical population. As- 
sume that the hypothetical population 
of stimuli for each group of Ss is the 
actual distribution of stimuli in the pre- 
shift series. Each postshift series could 
then be evaluated in terms of the prob- 
ability that it is a chance sampling from 
this hypothetical population. For the 
groups whose stimulus shifts involve an 
extension of the range of the preshift 
series, the postshift series are unlikely 
samples from the hypothetical popula- 
tion because they include stimuli not 
present in that population. For the 
groups whose stimulus shifts involve a 
restriction of the range, the postshift 
stimuli could all be drawn from the 
hypothetical population. The respec- 
tive probabilities that they are such 
samples, however, are different for the 
different experimental conditions. For 
the PR groups, the postshift “samples” 
are almost identical with the preshift 
population—the only difference being the 
omission of an occasional large stimulus. 
For the NR groups, however, these large 
stimuli occur most of the time during the 
preshift series; and thus the probability 
of the narrow, postshift series being 
random samples from the “population” 
is considerably less. This difference in 
the respective probabilities for the PR 
and NR groups is paralleled in Exp. I 
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by the highly significant difference in 
amount of judgment shift as a function 
of the shape of the preshift distribution. 

Although none of the groups in these 
experiments completely readjusted their 
judgment scales to the restricted post- 
shift range, such readjustment might 
have occurred under less ambiguous 
circumstances. Estes and Straughan 
(1) found that in a Humphreys-type, 
“verbal conditioning’ situation Ss 
quickly learned to respond in accordance 
with the actual postshift probability of 
reinforcement, .30, when shifted from a 
preshift series with a markedly different 
probability, .85. However, other Ss 
who were shifted from a series in which 
the reinforcement probability was only 
.50 did not learn to respond in accordance 
with the .30 postshift probability. This 
difference fits in well with our random 
sampling analogy since the .30 series is a 
more likely sample from a .50 than from 
a .85 population. 

The analogy is less clear for Group 
NR-color of our Exp. 1V. Although its 
postshift series was from a new popula 
tion in respect to color, it could still have 
been a sample from the old population 
in respect to size. Here, the effect of the 
color change might have been to call 
attention to the possibility of a cor 
responding size change. The NR-—color 
Ss would therefore have been less ready 
to attribute the observed changes in the 
distribution of stimulus sizes to the tem 
porary vagaries of random sampling, 
instead shifting their size judgments in 
accordance with the new distribution. 

The rationale behind this sampling 
analogy is that Ss in a judgment situation 
of this kind tend to fit their response 
scales to the total range of the stimuli 
which they have learned to expect. If 
either earlier presentations or the ex 
perimental instructions (6) lead them to 
expect stimuli outside the presented 
range, they will not use all of the response 
categories. 

The decision as to which category 
is to be applied to each specific stimulus 
depends, at least in part, upon the 
relative frequency with which the differ 
ent stimuli have been presented. Thus 
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in the preshift series of Exp. I, it was 
found that the judgments of the middle 
stimulus depended upon whether it ap- 
peared in a positively or negatively 
skewed series. It seems likely that 
there are rules or language habits govern- 
ing the relative frequency with which the 
different judgment categories are to be 
used, and Ss can apply these rules only 
insofar as they have learned the relative 
probability of appearance of the respec- 
tive stimuli they are judging. The 
different effects upon judgment of the 
stimulus shifts utilized in the preceding 
experiments might thus depend upon the 
kind of information they impart to Ss 
concerning the probable distribution of 
the new series. 

This analogy can hardly be said to 
explain the results of these experiments. 
It does, however, suggest the desir- 


ability of further research in which the 
relative frequencies of the different pre- 
and postshift stimuli would be system- 
atically varied, and it suggests that the 
basic problem in describing judgmental 
behavior may be the determination of 
the principles of probability learning. 


SUMMARY 


Four experiments were presented investigat- 
ing the effects upon judgment of different kinds 
of shifts in the range and distribution of the 
stimulus series. 

In Exp. I, Ss were presented with a series of 
square cards and instructed to judge them in 
terms of five alternative size categories. In the 
course of the experiment, they were shifted to a 
new series from which the larger members of the 
original series had been dropped. Contrary to 
expectations, many Ss did not readjust their 
judgment scales to the narrower range. This 
resistance to shift was greater for the groups 
whose preshift stimuli were closer in mean value 
to the mean of the postshift stimuli, and it also 
appeared to be a curvilinear function of the 
number of presentations of the original series. 
Judgment shift was greatest following an inter- 
mediate amount of experience with this series, 
the resistance to change being greater with 
either more or less preshift exposure. 


ALLEN PARDUCCI 


In Exp. II, a greater shift in judgment was 
found when Ss were presented first with a 
narrow range of stimuli and then shifted to a 
wider range than when the stimulus shift was in 
the opposite direction. This direction-of-shift 
effect was found both for judgments of the size 
of square cards and the pitch of a series of tones, 
and its magnitude was not altered by an increase 
in the discriminability of the stimulus shift (Exp. 
III). The amount of shift following a narrowing 
of the stimulus range was increased, however, by 
a simultaneous change in the color of the stimuli 
(Exp. IV). 

An additional, incidental finding in Exp. I 
was that the same stimulus was judged larger 
when the distribution of stimuli in which it 
appeared was positively skewed than when it 
was negatively skewed, even though both 
distributions had the same range. 
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A recent review by Teichner (3) 
describes the state of our knowledge 
concerning simple reaction time. Al- 
though much work has been done in 
this field, it seems that the most basic 
variable in simple RT tests has been 
largely overlooked—the time variable. 
By definition, the only uncertainty S 
has in a simple RT test is time un- 
certainty. He knows exactly what 
the stimulus will be and what the 
response will be. He does not know 
when the stimulus will be presented. 

The effects of changes in time of 
stimulus occurrence are usually dis- 
cussed under the factors of readiness, 
set, or attention. These classifica- 
tions lead to a concentration upon the 


length of the foreperiod with little 


attention paid to foreperiod vari- 
ability (6, p. 314). 

The S’s time uncertainty is the 
result of both his own imperfect time- 
keeping ability and the clock-time 
variability of the stimuli. The first 
factor varies with the length of con- 
stant foreperiods or interstimulus 
intervals and the second is defined by 
the foreperiod variability. The tests 
of the present study are so designed 
that the effect of these two factors 
can be considered separately. Very 
simply, what we did was run a simple 
reaction-time experiment with careful 
control of foreperiod length and vari- 
ability and control of stimulus repeti- 
tion rate. 


' This research was performed at the Opera 
tional Applications Laboratory, Bolling Air 
Force Base, Washington, D. C. in support of 
Project 7682. Reprints of this paper will be 
distributed as Air Force Cambridge Research 
Center Report TR-55-2 
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Apparatus.—The apparatus consisted of an 
NE 51 neon stimulus bulb, a telegraph-response 
key, and a warning-click device. The .02-sec. 
stimulus was clearly visible in the dimly lighted 
room. In another room a teletype tape pro 
grammer presented 11 different lengths of fore 
period in random order. The total range of 
foreperiods could be varied from 0 to & sec. 
The minimum foreperiod could be varied in 
dependently of the range. The over-all cycling 
rate was adjustable down to one cycle every 
12 sec. 

Each reaction time was automatically en 
coded into cycle counts of a 50-cps oscillator and 
punched on teletype tape. In addition, RT's 
were accumulated on a Standard Electric timer. 

Procedure.—This study consists of two test 
series. In the first series the warning click 
occurred at I1-sec. intervals and the foreperiod 
variability and mean foreperiod changed be 
tween These tests will be called the 
Foreperiod Series. The second series had no 
warning click and no variability in time of 
stimulus occurrence during each run but the 
interstimulus interval was changed between 
tests. This will be called the Interval Series 

The values of mean foreperiod and foreperiod 
variability for the Foreperiod Series and the 
intervals becween stimuli for the Interval Series 
are shown with the data in Tables land 2. The 
apparatus was programmed rec 
tangular distributions of foreperiods. Foreperiod 
variability is reported in terms of the range of 
the distributions. 


tests. 


to produce 


The Ss were six university students who were 
Fach 
extensive training on the apparatus over the 
range the test 
Every S took all of the tests shown in Tables | 
and 2. The Foreperiod Series was given before 
the Interval Series. The test runs within each 
series were randomized. In addition, two of the 
Ss were given 10 additional consecutive runs on 
Test M because of particular results that were 
noted in this test. 


paid for their services S was given 


of conditions used in series 


An attempt was made to run a test in the 
Interval Series with stimuli repeated every .5 
sec. This test was dropped when it was dis 
covered that no S could consistently keep in 
phase with stimuli presented at that rate. 
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In all tests S was instructed to respond as TABLE 1 
soon as possible after the stimulus light but 
never before. If a response occurred before the : : : F 
stimulus in any run, the run was halted and (Constant 11-sec. spacing of warning signals ; 
started over. This was sufficient negative 330 RT"s for each of six Ss) 
reinforcement to keep the number of early one 
responses negligibly small. 


Desceirtion or Forererion Series Tests 








Resuvts* 
Foreperiod Series 


The mean RT’s for each of the 
seven Foreperiod Series tests are 
shown in Table 1, and the means for 
each foreperiod in these seven tests —— — 
are plotted in Fig. 1. Let us look . ; 
first at these mean RT’s. Figure 1 '* much less for the tests with 2-sec. 
shows that mean RT increases with variability (S, Q, P) than for tests 
mean foreperiod in the range of these with Ro variability (M, L, K). In 
data, but that the amount of increase dition, mean RT increases with the 
: variability of the foreperiod where 
foreperiod variability is represented 


BLOTTER 








* The complete set of 72 mean RT’s, SD’s, and 
ranges for the 6 Ss and 12 tests has been de- 


posited with the American Documentation In by the spread of points of the same 
stitute. Order Document No. 4765, remitting test along the abscissa. The effect of 
$1.25 for microfilm or $1.25 for photocopies. foreperiod variability upon mean RT 





a -. TT | Tt gy T | - i 1 La 1 , 1 , | 7 
30 














RT IN SECONDS 


J 
2 3 4 5 6 


FOREPERIOD IN SECONDS 


Fic. l. The influence of foreperiod and foreperiod variability upon RT. Combined data of 
six Ss. Each point is the mean of 180 RT’s in tests T, S, Q, P, and 1980 RT’s in tests M, L, K. 
Tests T, S, Q, P have randomly varying foreperiods within each run. Tests M, L, K have constant 


foreperiods for all stimulus presentations. Straight lines are drawn through the mean RT values for 
each test. 
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seems greater for tests with smaller 
mean foreperiod, but this conclusion 
must be tentative since only tests L, 
Q, and T have the same mean fore- 
period. 

Additional comparison among tests 
are made possible by selecting three 
specific foreperiods, each of which is 
common to three tests. Reaction 
times to each of these foreperiods in 
all tests in which they occur are 
plotted against foreperiod variability 
in Fig. 2. This figure shows that RT 
to each selected foreperiod does in- 
crease with the range of foreperiods 
within which it is embedded, but that 
this increase is much less if the fore- 
period is large than if the foreperiod 
is small. Thus, at a .25-sec. fore- 
period, increasing the range of fore- 
periods from a 0 to 8 sec. adds 67 
msec. to RT while at a 8.25-sec. fore- 
period the same increase in foreperiod 
variability only adds 14 msec. to RT. 

We shall consider next the RT 


differences within tests with variable 


foreperiods. The influence of im- 
mediate foreperiod upon RT within 
each test may be seen in the scatter of 
points about the mean RT lines in 
Fig. 1. Short foreperiods generally 
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Fic. 2. The effect of foreperiod variability 
upon RT for each of three selected foreperiods 
common to several tests. Combined data of 
six Ss. Zero variability points are means of 1980 
RT's each. Other points are means of 180 RT's 
each. 
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Fic. 3. The influence of foreperiod within 
tests with variable foreperiod upon RT. Com 
bined data of six Ss and four tests: $, Q, P, and 
T. Each point is the mean of 720 RT's 


result in higher RT’s than long fore- 
periods within each test. This rela- 
tion is statistically significant using a 
simple chi-square test of contingency. 

There is actually a suggestion of a 
sine-wave relation between foreperiod 
and RT rather than simple regression. 
This may be best seen in Fig. 3 which 
plots the deviation from average RT 
against foreperiod range (standardized 
to one unit) for all four variable fore- 
period tests combined. Note that 
the amplitude of this effect (+ .005 
sec.) is small. 

Pattern of foreperiods.—In order to 
determine the effect upon RT of the 
pattern among foreperiods within 
each run, the RT’s of the variable 
foreperiod tests were tabulated ac- 
cording to the triad of foreperiods 
which preceded each RT. For this 
analysis the foreperiods were encoded 
in binary fashion relative to the mean 
foreperiod. The triad foreperiod 
analysis gave RT’s differing only a 
few milliseconds from the mean RT in 
each test, but some consistencies are 
noted. In all tests the highest RT’s 
result from a short foreperiod pre- 
ceded by a long foreperiod (6 msec. 
average increase). The reverse, a 
long foreperiod preceded by a short 
foreperiod, results in the shortest 
RT’s in all tests (5 msec. average 
decrease). Two long foreperiods in a 
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row or two short foreperiods in a row 
gave rise to RT’s equal to the mean 
RT for that test. The third fore- 
period back has no influence upon 
RT. Woodrow (S) obtained results 
in the same direction but apparently 
of greater magnitude. 

Repeated tests—The situation at 
short foreperiods and no variability 
is further complicated by the fact that 
these tests give lower RT’s when run 
alone than when run in company with 
other tests. It was noted during the 
runs of Test M of the Foreperiod 
Series (.25-sec. foreperiod, no vari- 
ability) that Ss were producing more 
very low RT’s than in other tests of 
the series. In order to investigate 
this effect further, two Ss were given 
10 consecutive runs of Test M alone. 
The last 6 of these were combined and 
compared to the original 6 runs for the 
same Ss. The mean RT dropped 
from .176 sec. in the original tests to 
. 109 sec. for the repeated tests. When 


Test T (8-sec. range of foreperiod) 
was given to four Ss 10 or more con- 
secutive times, no consistent shift in 


RT distribution resulted. It is evi- 
dent that the large reduction in RT 
that arises from repeating Test M is 
due to its low time uncertainty and 
not merely to a general practice effect. 


Interval Series 


The mean RT’s for each of the five 
fixed Interval Series tests are shown 


TABLE 2 


Descrirrion or Iwrervat Series Tests 


(No warning signal; no variability; 
300 R'T’s for each of six Ss) 


Interstimulus 
Interval 
(Sec.) 
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INTERVAL BETWEEN STIMULI IN SECONDS 


Fic. 4. The influence of time between 
stimuli in tests with no warning click and no 
variability. Combined data of six Ss. Each 
point is the mean of 1800 RT’s. Letters along- 
side points designate tests described in Table 2. 





in Table 2, and are plotted against the 
interval in Fig. 4. The time interval 
between stimuli has been plotted on a 
log scale and a straight line fitted to 
the points by eye. The increase in 
RT in going from a l-sec. interval to 
an 8-sec. interval with no variability 
is 65 msec. This increase is just 
about the same as the increase which 
results from adding 8 sec. of fore- 
period variability to the .25-sec. fore- 
period (see Fig. 3). This would 
suggest that changes in RT due to 
clock-time uncertainty and due to S’s 
imperfect time keeping ability are of 
the same order of magnitude. No 
stronger statement seems warranted 
on the present data. 


Discussion 


Foreperiod and RT.—It seems reason 
able in view of the above results to say 
that reaction time varies directly with 
S’s time uncertainty about the stimulus. 
Increasing the mean foreperiod or in- 
creasing foreperiod variability will in- 
crease S’s uncertainty about the time of 
occurrence of the stimulus and thus 
increase RT. 

The positive relation between mean 
foreperiod and RT wil! hold only down 
to some optimum value of foreperiod, 
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below which S cannot make full use of 
the warning signal in time. This op- 
timum mean foreperiod is small for low 
variability tests. The .25-sec. constant 
foreperiod of Test M gave by far the 
fastest RT of any tests (Fig. 1). Al- 
though the present study does not pro- 
vide data for low variability foreperiods 
with means around 1 or 2 sec., several 
pilot study tests do show that there is no 
minimum above 1 sec. in the RT vs. fore- 
period curve. Specifically four pilot 
tests show that with .5 sec. of foreperiod 
variability or less, lower RT’s are ob- 
tained with mean foreperiods less than 
1 sec. than with mean foreperiods be- 
tween 1 and 4 sec. The tests of the 
present study with a 2-sec. range of fore- 
periods indicated no effect due to mean 
foreperiod below 4.25 sec. Thus it ap- 
pears that there is a critical optimum 
mean foreperiod only when the foreperiod 
variability is small, and that for small 
variability the optimum foreperiod is less 
than 1 sec. 5 
These findings are not in harmony with 
previous statements about optimum fore- 
period which are summarized by 
Teichner in his conclusion that ‘“‘the 
optimum foreperiod of RT may be 
thought of as lying in the range between 
approximately 1.5 and 8.0 sec.” (3, 
p. 144). His conclusion is based largely 
on data from Breitwieser, Woodrow, and 
Telford, although different procedures 
were involved. Breitwieser (1) found 
a l-msec. effect favoring foreperiods of 
2 or 3 sec. when foreperiods were ran- 
domly mixed. Woodrow (5), using a 
similar procedure, found small differences 
indicating that 3 sec. was the least 
favorable foreperiod, and the present 
study indicates that the optimum fore 
period in a test with randomly ordered 
foreperiods is dependent upon the range 
of variation of the foreperiods (Fig. 1 
and 3). All of these results show that 
the important effect of randomly varying 
foreperiods is not the small differences of 
RT within the test but the fact that every 
one of the foreperiods run in random 
order leads to a higher RT than any one 
of them given repeatedly by itself. 
Optimum foreperiod has meaning in 
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tests with fixed foreperiod. In Wood 
row’s tests with constant foreperiods of 
from 1 to 36 sec., he found that 2 sec. 
gave the lowest RT. The present re 
sults, together with pilot study data, 
indicate an optimum fixed foreperiod less 
than 1 It seemed that a likely 
contributor to this disagreement might 
be the difference in time uncertainty of 
the warning signal in the two procedures, 
The present results are based on per 
fectly regular warning signals whereas 
Woodrow used a procedure which in 
troduced uncontrolled variability in the 
time of occurrence of the warning signal. 
In order to test this hypothesis, we ran 
four Ss in tests with time-variable warn 
ing signals and constant foreperiods, and 
compared mean RT’s with alternately 
given tests with the same constant fore 
period and regularly occurring warning 
signals. Eight seconds of time vari- 
ability in the warning signals produced 
RT’s differing irregularly by only a few 
milliseconds from the with no 
variability. Thus the hypothesis that 
the difference between Woodrow’s re 
sults and the present study are due to 
time variability in the warning signal 
must be rejected. 


sec. 


tests 


Telford (4) used no warning signals 
but his procedure can be interpreted in 
foreperiod terms by treating each stim 
ulus as a warning signal for the next 
stimulus. 


His tests then resemble a ran 
domly variable foreperiod test such as 
Test T of the present study. Unlike the 
results of Breitwieser, Woodrow, or this 
study, however, Telford reported a large 
effect due to interval (foreperiod) with 
random His mean RT for the 
.5-sec. interval was 94 msec. greater than 
for the 1.0-sec. interval. Telford's re 
sults seemed so far out of line with the 
other tests that we repeated his study 
using eight trained Ss and about five 
times as many total RT's. In our re 
sults the .5-sec. interval gave the lowest 
RT but it was only 7 msec. below the 1.0 
.interval mean RT. Our results were 
in complete agreement with the earlier 
statement that individual foreperiods 
have little effect in tests in which fore- 
periods are randomly mixed 


serics. 


sec 
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Check tests.—A different type of fore- 
period variability from any discussed 
above is frequently used in RT studies 
and should be mentioned. It is the use 
of a small number of infinite foreperiod 
(check) tests in a series of constant or 
nearly constant foreperiods. These in- 
finite foreperiods produce no RT’s and 
are usually neglected in any calculation 
of foreperiod variability and mean. A 
more reasonable procedure might be to 
use a small number of very long fore- 
periods for check tests which would 
allow some calculation of foreperiod 
variability or to treat the infinite fore- 
periods as separate no-stimulus—no- 
response alternatives in a choice reaction 
test. 


SUMMARY 


Six Ss were given two series of simple reaction- 
time tests. In the first series the effect of 
changes in mean foreperiod and foreperiod 
variability were systemmatically investigated. 
In the second series the effect of spacing between 
stimuli was studied with no warning signal. 
These tests were designed to determine the 
relation between RT and Ss’ uncertainty about 


time of stimulus presentation. 
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The results show that RT increases with fore- 
period variability and with mean foreperiod 
above some smal] optimum value less than | sec. 
In a sequence of trials, the immediate foreperiod 
influences RT only if the previous foreperiod is 
different from it, and then only slightly. 

The striking finding in all tests with variable 
foreperiod is that the important determiner of 
RT is not the immediate foreperiod but rather 
the distribution of foreperiods within which it is 
embedded. 
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In Principles of Behavior (S), Hull 
attributes decrement in _ response 
strength during experimental extinc- 
tion to the accumulation of reactive 
inhibition (Jpg) and conditioned in- 
hibition (s/g). Reactive inhibition 
is a temporary negative motivational 
state resulting from response evoca- 
tion; conditioned inhibition is a 
permanent habit of not responding, 
reinforced by J,-reduction during 
intervals when no response occurs. 
Both Jp and g/pr subtract from reac- 
tion potential (sEx) and response 
decrement results. Extinction is not 
weakening of habit strength (s//,”) 
but a performance decrease. 


Within the Hullian system, there 
are several alternatives which might 
be used to account for extinction in 


terms of a reduction in gf”. Of 
these, the most obvious, as pointed 
out earlier by Zeaman (11), would 
consider extinction to be the result of 
decreasing the amount of reinforce- 
ment to zero. Although Hull never 
specifically considers the effect upon 
sH, of decreasing the amount of 
reinforcement, he does treat the case 
of increasing amounts. His inter- 
pretation there is that the effect of 
increasing the amount of reinforce- 
ment (w) is to change the limit (M) of 
habit growth. Moreover, he presents 
an equation for describing this change 
which can presumably be generalized 
to cover the case of amount decrease 
as well. The equation is: 


sH» = (M’ — sie — ¢ iN) 4 slip’ (1) 


where M’ = M(\ 


—¢ ) 


and N = number of reinforcements 
constants 
amount of reinforcement 
10 
the maximum 
taken as 100 
the maximum of habit strength 
modified by the amount of rein 
forcement 


of habit strength, 


sH» = habit strength at any given rein 
forcement after the amount change 
habit strength developed at the 


time of the amount change 


sHp’ 


The nature of this equation is such 
that changing the amount of rein- 
forcement alters the limit approached 
by sfly. Whether the change is an 
increase or decrease, s//x approaches 
the new maximum (M’) as a growth 
function of N. If the amount of 
reinforcement is shifted to zero, the 
limit of the decreasing function is also 
zero. The extinction curve thus be- 
comes the limiting case of a family of 
curves obtained by decreasing the 
amount of reinforcement. Moreover, 
Hull’s theory demands that the slopes 
of these functions be the same. ‘That 
for the extinction curve should be 
identical with the slopes of other 
functions obtained with increases and 
decreases in the 
forcement. 

Several studies (2, 3, 4, 10) have 
demonstrated differences in response 
strength produced by differences in 
the amount of reinforcement. Others 
(1, 11) have shown that response 
strength increases or decreases ap- 
propriately with increases or decreases 
in amount. ‘These studies have 
stressed certain emotional (frustration 
and elation) effects occurring with 


amount of rein- 
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changes in amount. None has pre- 
sented a detailed analysis or com- 
parison of curve forms obtained after 
the change. Nor has any obtained 
data relevant to the question whether 
the extinction process can be attri- 
buted to a decrease in the amount of 
reinforcement to zero. 

The purpose of this study is to test 
the prediction that the data obtained 
for both increases and decreases in 
amount can be satisfactorily repre- 
sented by the same curve forms, and 
that the curve obtained during experi- 
mental extinction will differ from such 
functions only in asymptote. 


MetTuop 


Subjects.—The Ss were 40 experimentally 
naive male albino rats of the Wistar strain, 
ranging in age from 100 to 180 days. They were 
received from the supplier in two groups of 16 
and 24, the second group arriving 15 days after 
the first group had completed the experiment. 
Upon receipt they were housed in individual 
living cages and allowed free access to food and 
water for 4 days. During this time each S was 
handled for 10 min. a day. On Day 5 the Ss 
were placed on a 23-hr. feeding schedule, having 
access to food | hr. a day at the time their squad 
would finish the daily experimental sessions. 
Each S continued to have free access to water. 
Experimentation began on the Day 8. 

Twenty Ss ran in a morning (a.m.) squad 
and 20 in an afternoon (p.m.) squad. Assign- 
ment to these squads was at random. In the 
first group, 6 Ss ran in the a.m. squad and 10 in 
the p.n. squad; in the second group, 14 ran in 
the a.m. squad and 10 in the p.m. squad. 

Apparatus.—The apparatus was an elevated 
stand, consisting of a 10 X 5-in. starting plat- 
form, an 18 X 2.5-in. straight runway, and an 
approximately semicircular goal platform 16 in. 
long and 30 in. wide. The straight runway led 
into the goal platform at the center of its straight 
side. The starting platform was separated from 
the runway by a removable block which pre- 
vented S from leaving the starting area until he 
met an orientation criterion. 

Five soft drink bottle caps were arranged at 
equal intervals around the circumference of the 
goal platform, at a distance of 15 in. from the 
end of the runway. The center cap was directly 
in line with the center of the runway. The 
others were located at 5.75 in, and 11.50 in. 
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on either side of the center cap. Each cap had 
a slight derit in the top to hold the fluid rein- 
forcement. The goal cap immediately to the 
right of the center cap was the correct one. 

A black cardboard 17 in. high, supported by 
hardware cloth, was attached to the curved 
edge of the goal platform. The cardboard 
prevented S from jumping off the apparatus 
and provided a homogeneous black background, 
except for a 4 X 5-in. white card, which was 
directly behind the correct cap. This card 
remained in place throughout the experiment, 
except for pretraining, in the belief that it would 
provide a distinctive cue and facilitate learning. 
The reinforcement used in the experiment was 
one drop (.08 ml.) of sucrose solution. To 
obtain different amounts of reinforcement, the 
solutions were of 5%, 10%, and 20% concentra- 
tion. They were prepared by adding to a given 
amount (e.g., 5 mg.) of sucrose enough distilled 
water (e.g., 95 ml.) to produce 100 gm. of 
solution. As Guttman (4) has pointed out, the 
advantage of using nutrients in solution is that 
this avoids confounding the amount of reinforce- 
ment with the amount of consummatory activity. 

The apparatus provided a measure of the time 
required for S to leave the starting platform and 
run down the straight alley to the goal platform, 
a distance of 18 in. Removing the block 
separating the starting platform from the runway 
closed a switch which: started a .Ol-sec. timer 
The timer stopped when S broke a beam of light 
directed at the element of a photocell, located 
at the end of the runway. In order to reduce 
the visibility of the beam it was passed through 
a bottle of household iodine. 

Procedure.—The experimental procedure in- 
volved three stages : pretraining, original learning 
in which all Ss received the same amount of 
reinforcement and, finally, a test condition in 
which the amount of reinforcement varied for 
different groups. 

Pretraining.—The experiment began with a 
series of pretraining sessions. The FE placed S 
on the starting platform and waited for it to 
orient toward the goal platform. When this 
happened, FE removed the block and allowed S 
to explore the apparatus for 10 min. On these 
trials each goal cap contained one drop of 10% 
sucrose solution. The £ recorded running time, 
cap preference, and noted whether S drank the 
solution in each cap. This procedure was fol- 
lowed daily until S met two criteria on two suc- 
cessive days: (a) a running time of 20 sec. or 
less and (b) drinking from all five caps. 

Original learning.—In this stage of the study, 
S learned to run to the correct goal cap, which 
contained one drop of 10% sucrose solution; the 
other caps were empty. The S received 10 trials 
a day for two successive days. In each daily 
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session, trials were separated by about 15 sec. 
The procedure followed that used in pretraining 
The E removed the block separating the starting 
platform from the runway after S oriented 
toward the goal platform and recorded running 
time and the goal cap to which S responded. In 
this latter case E counted a response if S actually 
touched a cap as if to drink; contacts with the 
lf S 
responded to the wrong cap, he was returned to 
the starting platform for another trial ; correction 
was not permitted. 

Experimental treatment.—At the completion 
of the original learning sessions, Ss were sub- 
divided into four groups of 10 Ss each and given 
four daily sessions of 10 trials each with different 
amounts of reinforcement. group 
tinued on the 10% solution. The others were 
switched to 20%, 5%, and 0% conditions. The 
Ss in the 0% (extinction) condition found the 
goal cap empty. 


feet and tail did not qualify as responses 


One con- 


The Ss were assigned to these 
conditions prior to original learning in a counter- 
balanced order depending upon when they 
reached the criteria terminating pretraining. 
From preliminary experimentation, it was 
suspected that in the 0% group Ss would cease 
to run near the end of the 40 trials. In order 
to prevent interference with the experimental 
schedule, a criterion of 20 sec. for terminating a 


trial was imposed on all groups. It was neces- 


AMOUNT OF 


REINFORCEMENT 187 


sary to invoke this criterion only on Ss in the O% 
group. This meant that there was an artificial 
upper limit of 20 sec. on the latencies of these Ss 


ResuLts 

The basic data from the experiment 
appear in Fig. | and 2, in the form of 
learning curves. In each the 
trials are grouped in blocks of four 
to reduce irregularity in the functions. 
In spite of this, the probability-of- 
response data in Fig. | are too uneven 
to justify precise mathematical treat- 
ment. The important points con- 
cerning these data seem to be as 
follows: (a) There is a clear separation 
of the four functions on this measure. 
An analysis-of-variance testing for 
over-all differences in the functions 
obtained after the amount change 
produced an F of 34.34, (P = .OO1). 
(b) Although the 5% sucrose solution 
is well above the reinforcement thres 
hold estimated by Guttman, there is a 
decrease in percentage of 


case 


correct 
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TRIALS IN BLOCKS OF FOUR 


Fic. 2. 


Speed of running as a function of practice. 


For an interpretation 


of the fitted curves, see text. 


responses for this group. (c) The 
shift from the 10% to the 20% condi- 
tion produced an abrupt increase in 
this measure. (d) At the end of the 
experiment the 10% and the 20% 
groups had reached the same level of 
response strength. In this repect the 
results for the probability-of-response 
measure are different from those for 
the speed measure. 


Figure 2 presents the speed measures 
in learning curve form. The empirical 
points are means of 100 multiplied by the 
reciprocal of running time. The vertical 
line separates the data obtained in 
original learning from those obtained 
after the change in amount of reinforce- 
ment. Renumbering of the blocks of 
trials after the change is to accommodate 








the type of function used by Hull to 
describe changes in gsHpr with changes in 
the amount of reinforcement. 

Although there is a significant differ- 
ence among the four groups on the first 
block of trials in original learning 
(F = 4.13; P = .025), this difference 
has completely disappeared at the end of 
original learning (F = .39). On the 
assumption that the initial significant 
difference was a sampling error, the data 
have been combined for purposes of 
mathematical treatment. In _ fitting 
curves to the data, we have fit Hull’s 
curves directly to the speed of running 
measures. As Spence (9) has pointed 
out, this procedure is justifiable if such 
measures show differences over and 
above differences in latency or if the 
learning curves do not reflect the early 
stages of learning. The length of the 
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runway used in the present study, and 
the fact that the percentage of correct 
responses was at 50% after only four 
trials would seem to justify these as- 
sumptions. Another consideration which 
cannot be overlooked is that growth 
functions fit the data reasonably well. 

One of the implications of Hull’s 
theory is that the slopes of the functions 
obtained with a shift in the amount of 
reinforcement should be the same as the 
slope of habit growth obtained without 
a shift. For this reason, the curve fit 
to the data for the 10% control group is 
of the form, sHe = M(1 — e~), used 
by Hull to depict habit growth with no 
change in reinforcement amount. It 
covers the entire series of 15 blocks of 
trials. The curves fit to the other three 
sets of data, obtained after the change in 
amount of reinforcement, are of the form 
of Equation 1. The curve-fitting pro- 
cedure was that described by Lewis (7). 

With the data in this form, it is possible 
to evaluate the adequacy of Hull’s theory 
for handling them. First of all it may 
be pointed out that the growth curves 
fit the data rather well. For the func- 
tions in the right hand portion of Fig. 2, 
an F test for goodness of fit reveals that 
in no case is it possible to reject the 
hypothesis that the growth curve ade- 
quately represents the data. The largest 
F was 1.265 which is not significant even 
at the .20 level. 

According to Hull’s theory, changing 
the amount of reinforcement should 
produce new asymptotes of habit 
strength. The test of this prediction 
proceeded in a series of steps. To deter 
mine whether the functions had reached 
asymptotic values, a treatments-by-Ss 
analysis of variance was applied to the 
last three points on each curve. The 
largest F produced by this analysis was 
2.359 for the 0% group. This F is 
significant at only the .20 level. All 
other F values were less than 1.0. A 
second step in this analysis involved 
f tests to determine whether the empirical 
asymptotes are different from the asymp- 
totes estimated in the curve-fitting 
procedure. Comparison of these values 
for each group showed the ¢ of 114.6 
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obtained for the 0% group to be highly 
significant. Presumably this was the 
result of using a criterion latency in the 
case of this group. The other ¢ values 
were all less than 1.0. To determine 
whether the empirical asymptotes are 
significantly different, an analysis of 
variance involving the last 3 blocks of 
trials for all groups was employed. The 
F of 89.49 is significant at the .001 level. 
To determine whether adjacent asymp 
totes are significantly different, ¢ tests 
were employed on the same measures. 
The ¢ values obtained were: for a com 
parison of the 0% group and 5% group, 
3.40; for the 5% group and the 10% 
group, 3.29; for the 10% group and the 
20% group, 7.33. These ¢ values are all 
significant at the .01 level or better. On 
the basis of this series of tests, the con- 
clusion that groups with different sucrose 
concentrations reached different asymp 
totes seems entirely justified 

The remaining question is whether the 
slopes of the four functions are the same. 
It was predicted that data obtained for 
both increases and decreases in amount 
could be represented by Equation 1 
The critical value in the fitted equations 
for testing this prediction becomes that 
of the constant i, the rate of approach 
to the Within Hullian 
theory, a change in the amount of rein 
forcement changes the asymptote of the 


asymptote. 


learning curve, but does not change the 
rate of approach constant. 


If the curves 
are identical, the values of i should be 
similar. As a test of this, the ¢ values 
for the 0% 
almost 


and 5% curves, which are 
078 and 083), 
were averaged and the resulting value 
substituted in each of the four fitted 
equations in place of the ¢ values which 
were obtained from the original curve 
fitting procedure. 


identical ( 


The goodness of fit 
test applied to the resulting calculated 
values indicated that the growth func 
tions with the new i values adequately 
fit the empirical data in all cases but 
20%. In this case, the hypothesis of 
adequate fit must be rejected with an F 
significant at the .0O1 level (F = 5.189); 
the new calculated curve underestimated 
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the original values at every point on the 
function, 


Discussion 


The curve-fitting analysis of the re- 
sults of this experiment indicates that 
deductions from Hull’s theory describe 
the data very well except for those 
obtained from the group shifted from a 
10% to a 20% solution. In this case the 
change in behavior strength was much 
greater and more rapid than would be 
predicted either from the function ob- 
tained early in learning or from the rest 
of the data obtained after the shift in 
amount of reinforcement. The general 
suggestion of the data is that the effects 
produced by increasing the amount of 
reinforcement are different from those 
produced by decreasing the values of 
this variable. It may be that the rapid 
increase in speed of responding for the 
group receiving an increased amount is 
an exaggerated elation effect of the sort 
described by Crespi (1). Since there was 
no 20% control group in this experiment, 
we cannot say. If the explanation for 
this feature of the results does ultimately 
turn out to be of this sort, the indication 
is that the effect of changing the amount 
of reinforcement is at least partly on 
performance rather than habit. Such an 
account would be more nearly in line 
with Hull’s (6) recent treatment in 
terms of incentive motivation (K) than 
it would be with the theory examined in 
this paper which treats the results in 
terms of changing asymptotes of sHp. 

At a more general level the important 
point of this paper stands. Whether 
the effect of changing the amount of 
reinforcement is on habit or performance, 
it seems quite clear that the effect must, 
almost of logical necessity, cover a part 
of the explanation of extinction. There 
is now ample evidence that increasing 
and decreasing the amount of reinforce- 
ment increases and decreases response 
strength appropriately. It seems a 
theoretical extravagance toassume a com- 
pletely new process to deal with the 
special case of decreasing the amount to 
zero. Furthermore, the fact that the 
slope of the extinction function obtained 
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in this experiment is the same as that 
for the curve produced by decreasing the 
amount to 5% indicates in a factual way 
the fruitfulness of considering extinction 
as a part of the same process as is in- 
volved in decreasing amounts of rein- 
forcement. 

In Hull’s theory there are two other 
ways to reach an explanation of extinc- 
tion similar to that developed in this 
paper. The alternative accounts would 
view extinction as the result of in- 
creasing the CS-UCS interval or the 
delay of reinforcement to a point where 
no learning occurs. Hull did not treat 
the effect upon behavior of changes in 
these variables. It was largely for this 
reason that this experiment manipulated 
the amount of reinforcement. At the 
same time, it seems likely that changes 
in either variable would produce changes 
in performance, and that a large increase 
could produce experimental extinction. 
In the case of the CS-UCS interval, 
there is experimental evidence which 
points directly toward such an inter- 
pretation. McAllister (8) found that in- 
creasing the interstimulus interval from 
an optimal to a nonoptimal value pro- 
duced a decline in performance resem- 
bling extinction. 


SUMMARY 


The purpose of this study was to determine 
whether, as one aspect of Hull’s theory would 
indicate, the slopes of performance curves 
produced by changes in the amount of reinforce- 
ment would be the same whether the change was 
an increase, decrease or even a decrease to zero 
(experimental extinction). 

The Ss in the experiment were 40 albino rats. 
They were trained to run down an 18-in. alley 
to obtain a 10% sucrose solution at one of five 
goal caps. After 20 such trials Ss were divided 
into four experimental groups which received 
a 5%, 10%, or 20% solution or nothing. 

The different groups behaved differently 
during this phase of the experiment on both of 
the measures available in the experiment. Be- 
cause of an unsatisfactory degree of irregularity 
in the percentage of response measure, however, 
the analysis is largely confined to the speed of 
running data. With one exception these data 
fit the predictions drawn from Hull’s theory 
very well. As the theory predicts, shifting the 
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amount of reinforcement alters the asymptotes 
approached by the learning curves. Moreover, 
the functions change at the same rate except 
for the group in which the shift was from 10% to 
20% sucrose. In this case the increase in 
performance was much greater than the theory 
would predict. This finding suggests that the 
influence may be on performance rather than on 
learning as assumed in this paper. It does not, 
however, alter the major conclusion that ex 
tinction may be treated as the limiting case of a 
reduction in the amount of reinforcement. 
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STIMULUS INTENSITY AND TEMPORAL 


FACTORS IN SPACED-TRIAL CLASSICAL 
CONDITIONING ! 


GERALD W. BARNES? 


Indiana University 


The effects of varying temporal re- 
lationships between a conditioned 
stimulus (CS) and an unconditioned 
stimulus (UCS) on some measurable 
aspects of behavior have received in- 
tensive treatment in the theorizing of 
Hull (12) and Guthrie (9) and in much 
experimental work (10, 21). In gen- 
eral, one may distinguish two types of 
these relationships which have been 
examined : (a) those in which CS onset 
precedes UCS onset and CS termina- 
tion precedes or coincides with UCS 
termination, and (b) those in which 
UCS onset precedes CS onset. Very 
little evidence is available, however, 
concerning a third type of CS-UCS 
relationship: that in which CS onset 
precedes UCS onset but CS termina- 
tion occurs after, i.c., “overlaps,” 
UCS termination. 

Contiguity theory (9), stressing the 
role in conditioning of stimulation 
changes, apparently leads to a 
straightforward prediction of differ- 
ences in “strength of conditioning” as 
some inverse function of CS-UCS 
overlap duration. ‘To the extent that 
a once-neutral stimulus has acquired 
the properties of a reinforcing stim- 
ulus, the CS-UCS overlap relationship 


' This article is based on parts of a dissertation 
submitted in partial fulfillment of the require- 
ments for the Ph.D. Degree in the Department 
of Psychology, Indiana University. The author 
is greatly indebted to Professors C. J. Burke and 
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course of the study. Thanks are also due the 
author's colleagues Professors J. J. Antonitis 
and A. D. Glanville for critically reading the 
manuscript. 
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would seem to appear in Hullian (14) 
and Hull-derived (5) theories largely 
as a delay-of-reinforcement variable. 
The only direct investigation of the 
CS-UCS overlap relationship (19) 
suggested an inverse relation between 
performance level and length of CS- 
UCS overlap, but its use of an operant 
response vitiates these data appreci- 
ably. The present study is partially 
intended to clarify the nature of this 
relationship. 

Another phenomenon of some in- 
terest is the effect of CS intensity on 
conditioned responding. Hull (13) 
discussed this variable under the label 
“stimulus intensity dynamism,” a 
concept later incorporated into his 
theory (14) as a postulate which 
states, briefly, that reaction potential 
is a direct function of CS intensity. 
The literature on this subject presents 
a by-no-means consistent picture. 
Some Es report a direct relationship 
between CS intensity and level of 
responding (13, 15, 16, 22), others 
report no differences or mixed effects 
(2, 4, 6, 7, 8, 17, 23), while still others 
report an inverse relationship for some 
intensity values (1, 18). The second 
major purpose of the present experi- 
ment is examination of the influence 
on behavior strength of widely dis- 
parate CS intensities. 


MetTHopD 


Subjects and apparatus.—The Ss were 40 dogs 
unselected for age, size, weight, sex, or breed. 
The Ss were housed in cages in a well-heated and 
well-lighted room adjoining the experimental 
room. Water and Purina Kibbled Meal or Dog 
Checkers were available in the cages at all times. 
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A restraining stock, placed in the 8 x 8 
X 72/3 ft. high semi-soundproof experimental 
chamber, was used to partially immobilize S. 
At the front of the stock was an adjustable 
pillory-like device through which S’s head could 
be inserted and retained. Foreleg movement 
was restricted by fastening an anchored web- 
strap around the ankle of each foreleg. A broad 
canvas band passed under the abdomen and a 
narrow canvas strap, attached to the rear of the 
broad band, passed between the hind legs 
prevented S from adopting a sitting or crouching 
position in the stock. 

A &-cps sine-wave electric shock could be 
delivered to S’s right hind paw through two 
Grass EEG The shocking device 
employed was set to deliver 1.7 ma. through a 
70,000-oh m slight 
variation in current was present as a 
function of resistance changes between poles. 

The CS used was an 800-cps tone produced by 
a Hewlett-Packard Model 200b audio-oscillator. 
The oscillator output was delivered to a 6-in. 
Jensen speaker mounted on top of the stock. 
CS intensity was manipulated by adjusting the 
gain control of the oscillator. Gain-control 
settings were located giving intensities of 60 db 
and 80 db re .0002 dynes/cm.? at about the level 
in the stock of the head of a medium-sized S. 

Onset, duration, and termination of the CS 
and UCS were determined by an automatic 


electrodes. 


dummy resistance; some 


output 


electromechanical arrangement. ‘This provided 
CS durations of 1, 6, 16 + .10, and 31 + .05 sec 
and presentation of a .l-sec. shock at a .9-sec. 
interval after any CS (All temporal 
intervals were measured with .Ol-sec. Standard 
Electric clocks.) By this means, CS-UCS over 
laps of 0. 5, 15 4 10, and 30 + OS sec. were 
defined. CS and UCS duration, and 
termination were recorded on one channel of a 
Brush ink-writing multichannel oscillo 
graph with a chart speed of 5 mm./sec. The 
relays involved in the presentation and recording 


onset 


onset, 


direct 


circuits were mounted in a semi-soundproof box 
located outside the experimental chamber 

The response measured was the angle which 
the right femur made with the body of S. A 
saddle-like device, fitted onto Ss back, held a 
Half of an 
ordinary hacksaw blade was attached by a set 
screw at the pivot point of the control shaft of the 
potentiometer. 


linear wire-wound potentiometer. 


When the set screw was centered 
over Ss right lesser trochanter (by palpation of 
the joint) and the hacksaw blade taped to the 
upper hind leg so as to follow the long axis of 
the femur, angular movement of the femur was 
translated into a change in a small DC voltage 
This 
voltage change was amplified and led into one 
channel of the Brush oscillograph, thus giving a 
record of angular rotation of the femur, 


being impressed on the potentiometer 
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Procedure.—It was originally planned to run 
Ss in four successive squads of 10 Ss each. A 
fifth squad was made necessary, however, by the 
loss of 8 Ss. Five Ss were assigned at random 
to each of the eight cells of a 4 & 2 factorial 
design. Members of the replacement squad 
were assigned at random to the positions left 
vacant by lost Ss. 

Each S was given one habituation trial a day 
for the first four days. As soon as S had been 
restrained in the stock and the recording equip 
ment attached, hair was clipped from a small 
area on the back of the right hind paw extending 
approximately 2 in. upward from the rear foot 
pad EEG electrodes were fixed 
4 in. apart on a strip of adhesive, filled with 
electrode paste, and taped to the clipped area 


Two ( Tass 


The £ then left the experimental room and 
allowed S to remain in the stock for 10-12 min 
Days 5-18 constituted the experimental days 
The first S to be run on a given day was harnessed 
in the stock, the rear of the right hind paw 
clipped, and all apparatus attached tohim. The 
E then left the experimental room, selected the 
appropriate CS-UCS overlap and CS intensity, 
started the recording equipment, and gave S 
a single paired CS-UCS presentation. Twenty 
to 30 sec. following CS termination, £ re-entered 
the experimental room, removed the S, and 
returned him to his home cage. The second S 
to be run was then brought into the experimental 
This 
method was continued until all members of the 
squad had received a single experimental trial. 
This procedure was then repeated with the same 
running order until each S had received either 
four trials (on experimental Days 1-7) or three 
trials (on experimental Days 8-14). By this 
method, 49 experimental trials were given each 
S with a minimum intertrial interval of 2 hr 
The same general procedure was followed for 


room, and the same procedure followed 


each squad. Running orders were determined 
at random for each day, but they were cyclical 


within a given day 
RESULTS 


was defined 


A “ ’? 
response 

: aia 
femoral rotation of 5° or more from 


as any 


base level, where base level was de- 
termined from performance during the 
3 sec. preceding onset of the CS. The 
base level, then, was used as an arbi- 
trary zero point from which femoral 
rotations were measured. Any re- 
sponse which began after CS onset but 
before UCS onset was defined as a CR 
Thus, occurrence latency (to 
nearest .1 sec.) of CR’s were recover- 


and 
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SPACED-TRIAL CLASSICAL CONDITIONING 


able from the records for each experi- 
mental trial.* 

The proportions of CR’s made by 
the 80-db and 60-db CS groups on 
each experimental day are presented 
in the upper and lower panels of Fig. 1. 
Ordering of the 80-db groups is reason- 
ably clear, the longer overlap groups 
showing consistently smaller propor- 
tions of CR’s than the shorter overlap 
groups. 

The 60-db groups do not, however, 
present such a straightforward pic- 
ture. The curve for the 5-sec. overlap 
group is above the remaining three 
group curves with some consistency, 
but inspection of the other 60-db 
groups indicates little difference be- 
tween the 0-sec. and the 15-sec. over- 
lap groups until possibly Day 12. 
The 30-sec. overlap group is well below 
all the other groups in proportion of 
CR’s until Day 11. It is of some 
interest to note that the 30-sec. over- 
lap group reaches a level of responding 


as high as (or higher than) the 15-sec. 


overlap group. Of further interest is 
the observation that, within each CS 
intensity, the slopes of the group 
curves appear very similar. 
Comparison of the upper and lower 
sections of Fig. 1 indicates that the 
two shortest CS-UCS overlap groups 
receiving the 80-db CS gave more 
CR’s than their corresponding 60-db 
CS groups throughout the experiment. 
The two 15-sec. overlap groups, how- 
ever, are remarkably similar after 
Day 5 and, in the 30-sec. overlap 
cases, the 60-db group even appears to 


*The laboratory in which the experiment 
was performed was flooded, resulting in loss of 
the records of one trial for each of six Ss. In 
these cases, CR probabilities for Ss concerned 
were estimated from the three trials preceding 
and the three trials following the lost trial, and 
a random number was drawn to define CR 
occurrence or nonoccurrence. If a CR was 
indicated by this Monte Carlo run, the median 
latency of the three trials preceding and follow 
ing the lost trial was taken to be the latency for 
that trial. 
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Fic. 2. Mean total number of CR’s made 
by each CS intensity group as a function of 
duration of CS-UCS overlap 


have surpassed its corresponding 80- 
db group in proportion of CR’s after 
Day 9. 

Figure 2 presents the mean total 
numbers of CR’s made by each group 
in all experimental trials. The order- 
ing of the groups in terms of both CS- 
UCS overlap and CS intensity is 
striking, with each 80-db group above 
its corresponding 60-db group and, 
with a single exception in the 60-db 
groups, smaller numbers of CR’s 
shown as CS-UCS overlap increases 
within CS intensity. As previously 
indicated, however, the order in 
terms of CS intensity may not reflect 
uniformly differences maintained over 
the entire course of conditioning. 
The results of an analysis of variance 
performed over these data are shown 
in Table 1, this analysis yielding F 
values significant beyond the .05 level 
for both CS-UCS overlap and CS 
intensity. 

Trial-by-trial latency data were so 
similar to the over-all picture pre- 
sented by proportions of CR’s that it 
does not seem necessary to include 
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TABLE | 


Anavysis or Vaniance or Mean Torar 
CR’s Mave sy tue Eicur 
Experimental Groves 


Source 


CS-UCS overlap 

CS intensity ] 
Interaction 

Within groups 32 


346.97 | 7.70 | <01 
270.40 | 6.00 | <.05 

| 30.0 | 0.68 | 
45.08 


them here. Figure 3, however, pre- 
sents reciprocal latencies averaged 
over all experimental trials for each 
experimental group, and it is seen that 
the resulting curves are quite similar 
to those obtained with mean total 
number of CR’s. (In obtaining raw 
latency values, an arbitrary value of 
infinity was assigned for trials on 
which a CR did not occur.) ‘Table 2 
presents the analysis of variance of 
these “‘mean total reciprocal la- 
tencies,”’ this analysis yielding F 
values significant beyond the .05 level 
for both major variables. 
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Fic, 3, Mean total reciprocal latencies and 
adjusted mean total reciprocal latencies shown 
by each CS intensity group as a function of 
duration of CS-UCS overlap. These quantities 
are defined in the text, 
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TABLE 2 


Awnatysis or Variance of Mean Torar 
Reciproca, Latencies Exuipirep sy 
tHe Eicur Fxrerimentat Groups 


Source Mean P P 


Square 


CS-UCS overlap | 3 | 6.30 | 4.56 
CS intensity 1 744 5.38 
Interaction 3 1.28 | 0.93 
Within groups 32 1.38 


<.01 
| <.05 


It has been noted elsewhere (3) 
that response probability and response 
latency are, in general, related meas- 
ures. Since in the present experiment 
a conditioned femoral rotation of 5° 
or more was required to occur within 
9 sec. after CS onset, the latency dis- 
tribution of this response is necessarily 
truncated at that point. A latency 
measure which appears relatively in- 
dependent of CR probability results 
from summation of the reciprocal la- 
tencies for a given S over the 49 trials 
and division of this sum by the total 
number of CR’s made by that S. 
Such numbers, which reflect differ- 
ences in latency for trials on which Ss 
gave CR’s, will hereafter be called 
“adjusted mean total reciprocal la- 
tencies.”” The curves obtained from 
such measures are also presented in 
Fig. 3, and we see that the curve forms 
are only slightly different from those 
for mean total reciprocal latencies 
alone. The analysis of variance of 
these data is shown in Table 3, in- 
dicating that differences due to CS- 


TABLE 3 


Anatysis or Variance or Apjustep Mran 
Tora. Reciproca, Latrencies Exuisirev 
BY THE Eicut Experimentat Grovurs 


Mean 


S« 
ecm Square | 


} P 
2.94 | <.05 
4.10* | 

0.54 


CS-UCS overlap 
CS intensity 5.59 
Interaction 0.74 
Within groups | 32 | 
| | 


4.01 


*F = 4.15 required for significance at the .05 level 
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UCS overlap are again significant be- 
yond the .05 level, and that differ- 
ences due to CS intensity fall just 
short of significance at this level. 


Discussion 


The obtained effects of CS intensity 
are not in great conflict with the stimulus 
intensity dynamism notion proposed by 
Hull (13). When total number of CR’s, 
mean total reciprocal latencies, and 
adjusted mean total reciprocal latencies 
are considered, a striking dynamism 
effect is clearly Possible devia- 
tions were found, however, in that the 
final levels of responding reached by the 
corresponding long overlap groups were 
quite similar. If these results are con 
firmed by further experimentation, some 
modification of the dynamism postulate 
is indicated. 

The conclusion is clearly 
that CS-UCS overlap is a_ variable 
affecting behavior strength. This result 
seems relevant for several contemporary 
theories of learning. For example, con 
tiguity theory holds that “a combination 
of stimuli which has accompanied a 
movement will on its recurrence tend to 
be followed by that movement” (9, 
p. 26). Ata qualitative level, one would 
expect on this basis that the number of 
CR’s performed under the conditions 
earlier described would be some rapidly 
decreasing function of duration of CS- 
UCS overlap. It of some 
importance to know whether or not Ss 
in the nonzero overlap groups continued 
to respond during CS presentation after 
the first response—whether CR or UCR 

had been completed. Since the re- 
cords appear to show that Ss were not, 
on the average, responding at CS ter- 
mination, contiguity theory would ap- 
parently predict that they should learn 
not to respond in the presence of the CS. 
Hence, conditioning should become pro 
gressively poorer as duration of CS-UCS 
overlap increases. 

On closer analysis, however, a major 
difficulty for a contiguity interpretation 
seems posed by the relatively high final 
levels of responding reached by the two 
longest overlap groups (Fig. 1), which it 


seen. 


warranted 


would be 


197 


would seem should exhibit little if any 
evidences of conditioning on contiguity 
grounds. One possible explanation may 
lie in use of a variant of the fractional 
goal-response concept introduced by 
Hull (11). If the contiguity theorist 
postulates that fractional components of 
the leg-flexion response were occurring 
with diminishing (and/or 
strength) after the initial gross leg flexion, 
then the reported results 
qualitatively predicted. 

At least one Hullian-type theory (5) 
seems to yield approximately the same 
prediction as a contiguity theory, al 
though by a more devious route. From 
the point of view presented by Dollard 
and Miller (5), several opposing variables 
apparently act in -this 
determine performance level. 


frequency 


could be 


situation to 
First, Ss 
should, through simple classical condi 
tioning, develop comparable tendencies 
for paw withdrawal when the CS is 
presented. Pari passu, the CS should 
acquire anxiety-producing properties by 
contiguous association with the noxious 
UCS. The amount of anxiety generated 
by the CS should, however, be inversely 
related to length of CS-UCS overlap, 
for more opportunity is allowed for ex- 
tinction of the fear response to the CS as 
overlap length increases. It is assumed 
that anxiety reduction 1s reinforcing, and, 
presumably, we may here identify anx 
iety with CS termination. 
reinforcement for paw 
influenced both by its 
and by its differential amount. 
When we further note that nonrespond 
ing in the presence of the CS receives, 
on the average, immediate reinforcement 
through anxiety reduction in the nonzero 
overlap groups, the conclusion is reached 
that performance should be an 
inverse function of length of CS-UCS 
overlap, but that this level need not be 
drastically reduced in the of the 
overlap lengths herein employed 


reduction 
Hence, such 

withdrawal is 
delay 


level 


case 


taken 
present 


not be 
the 
experiment as an experimentum crucis tor 
contiguity Hullian 
Such a crucial experiment, indeed, seems 
impossible at the level of these theories, 
for the propositions contained in them 


This discussion should 
as an attempt to establish 


theory vs theories 
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are not formulated so as to allow an in- 
vestigator to apply them to specific 
experimental situations. The discussion 
does indicate, perhaps, that two popular 
learning theories might be sharpened 
somewhat. 


SUMMARY 


By use of a class'cal conditioning situation in 
which a brief 1.7-ma. shock applied to the right 
hind paw of dogs was paired with an 800-cps 
pure tone, the relationship of frequency and 
latency of conditioned leg-flexion responses to 
(a) two widely separated CS intensities and (5) 
four values of the time by which CS termination 
extended beyond (“overlapped”) shock termina- 
tion was examined, During the experiment 
proper four trials a day were given each S on 
Days 1-7 and three trials a day were given on 
Days 8-14, with a minimum intertrial interval 
of 2 hr. 

Mean total number of CR’s and mean total 
reciprocal latency measures were found to vary 
directly with CS intensity and to vary inversely, 
with a single inversion of order, with length of 
CS-UCS overlap. Some anomalies, however, 
were noted in consideration of day-by-day 
behavior. 

Implications of the results for Hullian and 
contiguity theory were discussed. 
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LEARNING AND RETAINING A RATE OF MOVEMENT 
WITH THE AID OF KINESTHETIC 
AND VERBAL CUES! 


ROBERT S. LINCOLN? 
The Johns Hopkins University 


It is generally presumed that kines- 
thetic sensibility is useful in the skilled 
regulation of human movements. In 
tasks involving the movement of 
controls kinesthetic cues may provide 
information about the spatial position 
of the controlling bodily member, its 
rate of movement, and its accelera- 
tion. The value of kinesthetic cues 
has been assessed in a number of ex- 
periments with respect to the ac- 
curacy of positioning responses (1, 
4, 7). Little is known, however, 


about the effectiveness of kinesthetic 
information in the maintenance of a 
rate of movement. 

It is possible to train Ss to produce a 


constant rate of rotary movement by 
supplying them with verbal indica- 
tions of their rate errors from trial to 
trial (S$). Such a procedure forces 
the trainees to rely heavily upon 
kinesthetic cues in producing the rate 
but is contaminated by the various 
interpretations that the verbal correc- 
tions receive. 

This experiment was designed to 
test the ability of human Ss to utilize 
more purely kinesthetic cues in learn- 
ing to maintain a constant rate of 
rotary movement. In addition, the 
retention of the rate was measured as 
a function of the length of delay be- 


1 This research was carried out under Con- 
tract NSori-166, Task Order 1, between the 
Office of Naval Research and The Johns Hopkins 
University. This is Report No. 166-1-196, 
Project Designation No. NR 145-089, under 
that contract. Miss Frances Wolfram aided in 
the collection of the data. 

*Now with the RAND Corporation, Santa 
Monica, California. 


tween the completion of the learning 
period and the measurement of re- 
tention. 


Metuop 
Experimental Conditions 


The experiment consisted of four successive 
experimental periods: (a) the prelearning period, 
(b) the learning period, (c) the criterion period, 
and (d) the relearning period 

Prelearning period. 
males were used in the experiment. 


Fifty-four right-handed 
All Ss were 
told to produce a linear rate of 160 ft. per min 
by turning a handwheel in a clockwise direction 
Since the handwheel was 15 cm. in diameter, the 
required linear rate was approximately equiva 
lent to an angular rate of 100 rpm. The Ss 
were given five trials, each 15 sec. long. During 
these prelearning trials, Ss received no knowledge 
of results. 

Learning period.—In the learning period Ss 
received 30, 15 sec. trials during which they 
continued their attempts to produce the required 
rate of movement. The learning period was 
divided into two sessions of 15 trials each, and 
Ss were given a 5-min. rest break at the end of 
the first session. 

For these trials Ss were randomly assigned to 
three groups of 18 Ss each which differed in 
regard to the type of knowledge of results sup 
plied. The Ss in one group continued to work 
with verbal instructions. Before each trial 
Legan they were told the direction and amount 
of the average rate error in feet per minute 
that they had produced during the immediately 
preceding trial. The group 
kinesthetic error information. ‘These Ss grasped 
the handwheel knob while the handwheel was 
driven by a motor for 15 sec. at a rate equivalent 
to their average rate error on the previous trial 
The Ss were also told whether they had turned 
too fast or too slowly during the previous trial, 
but they were not given a verbal indication of the 
magnitude of their error. 


second received 


The third group of Ss 
did not receive any direct error information 
After each practice trial these Ss grasped the 
handwheel knob while the handwheel was driven 
for 15 sec. at the standard rate of 100 rpm 
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The Ss in this group presumably inferred their 
own knowledge of results by comparing their 
memory of the standard rate with the rate as 
they produced it in their next trial. 

For the two groups that worked with kines- 
thetic information a delay of 30 sec. occurred 
between the completion of a practice trial and 
the start of the information trial. The next 
practice trial began 15 sec. after the completion 
of the information trial. Although it was not 
possible to provide the verbal information group 
with the same type of intertrial activity, the 
total time elapsing between learning trials was 
approximately 65 sec. for all groups. 

Criterion period.—Following the learning 
period all Ss attempted to produce the rate for 
20 additional trials without further knowledge 
of results. At this time each training group 
was subdivided into three smaller groups. One- 
third of each training group received the criterion 
trials as soon as the learning period was com- 
pleted, For convenience this group will be 
considered as having experienced no delay be- 
tween the learning and criterion periods. 
Actually they experienced a 30-sec. delay be- 
cause of apparatus requirements. A second 
third of each training group received the 
criterion trials | hr. after completing the learning 
period. For the remaining third of each training 
group the criterion trials came approximately 
24 hr. after the learning trials. An intertrial 
interval of 30 sec. was used throughout the 
criterion period. Within the restrictions neces- 
sitated by schedule requirements, Ss were 
randomly assigned to the criterion groups. 

Relearning period.—When the criterion period 
was completed, all groups received five additional 
trials with the same type of knowledge of results 
that they had received in the learning trials. 


Apparatus and Procedures 


The equipment used in this experiment has 
already been described in a previous report (6). 
The handwheel, which moved in a vertical plane, 
was positioned for convenient operation with the 
right hand. Two measures of performance 
were obtained. ‘The first was a measure of rate 
accuracy—the amount of time during a trial 
that the rate of turning was maintained within 
+ 9% of the standard rate. The second meas- 
ure was a count of the actual number of revolu- 
tions turned during a trial. An indication of 
constant error was obtained by subtracting this 
measure from the standard rate. Since the 
accuracy scores are an all-or-none measure they 
do not always correlate with the continuous 
measure of constant error. 

Visual cues of rate were minimized by cover- 
ing the handwheel with a shield that also covered 
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S’s hand and forearm. Auditory cues were 
minimized by enclosing recording instruments in 
soundproofed boxes and by taking advantage of 
a masking noise provided by an air-conditioning 
system. 

A calibrated syncro drive was used to turn 
the handwheel when kinesthetic information 
was provided. Because of the limitations of the 
apparatus, error rates could be duplicated only 
in steps of two rpm. An equivalent scale unit 
was used in providing verbal error information. 
Actually it is most unlikely that Ss could utilize 
all the information even in a scale with this 
degree of coarseness. A clutch arrangement 
made it possible to disengage the syncro motor 
from the handwheel shaft when Ss had to turn 
the handwheel. Friction and inertia in the 
handwheel were kept at low levels. 

The Ss knew that the trials would be less than 
1 min. long. They were told not to count the 
number of revolutions while turning the hand- 
wheel. 


RESULTS 


Several analyses of variance were 
performed on different portions of the 
data. Differences were accepted as 
significant if obtained P values were 
equal to, or less than, .05. Error 
estimates were tested for homogeneity 
by means of Bartlett’s test. 

Prelearning period.—The prelearn- 
ing trials were used to establish a base 
line of initial rate accuracy. Scores 
achieved on the fifth prelearning trial 
were also used to provide knowledge of 
results for use in the first learning 
trial. Trial 5 in Fig. 1 is the fifth 
prelearning trial. The differences 
among groups on this trial are as- 
sumed to be chance differences. 
These differences cannot reasonably 
be evaluated by statistical methods 
because of a preponderance of zero 
scores. Since Ss in all three groups 
were operating under similar instruc- 
tions during the prelearning trials, 
differences between groups would not 
be anticipated. 

During each of the prelearning 
trials, Ss in all groups tended to over- 
estimate the required rate of turning. 
This overestimation increased during 
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TRIALS 


Rate accuracy achieved with three kinds of knowledge of results 


Fic. 1. 
curves represents the rest pause. 
score is 15 sec. 


Trial 5 is 


the first three trials. On the fifth 
prelearning trial the average constant 
error for all Ss combined was plus 
35 rpm. 

Learning period.-When informa- 
tion about performance was provided, 
rate accuracy increased rapidly for 
all groups. These results are shown 
in Fig. 1 which pictures both halves 
of the learning pericd. It can be seen 
that the group which worked with the 
kinesthetic standard achieved a 
greater improvement in accuracy than 
any other group on the first learning 
trial (Trial 6). In fact further prac- 
tice had relatively little permanent 
effect on the accuracy achieved by this 
group. In contrast, the other groups 


the fifth prelearning trial. 


The break in the 


rhe maximum possible 


required considerably more practice 
in order to achieve effective utilization 
of the available rate cues. 

During the first half of the learning 
period the over-all difference among 
groups was not significant. In the 
second half of this period the over-all 
difference was significant. 
sults indicate that, after sufficient 
practice, direct error information is 
more effective as an aid in learning 
to produce a rate of movement than 
is information about the standard rate 
itself. It should be remembered, 
however, that the group which worked 
with kinesthetic error information 
also received a verbal indication of the 
direction of error. No such 


These re 


indica- 
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tion was provided for the standard 
group. 

Of interest in Fig. 1 is the decline 
in scores after Trial 28 for the group 
trained with kinesthetic error in- 
formation. In order to test the 
significance of this decline, a separate 
analysis was performed on the scores 
of the verbal and kinesthetic error 
groups only. This analysis showed 
no significant difference between the 
over-all means for these two groups. 
Furthermore, the interaction between 
groups and trials was not significant. 
According to this analysis, then, 
verbal error information was not 
significantly superior to kinesthetic 
error information at any point during 
the second half of the practice period. 

Regardless of differences, the fact 
that Ss can learn to use any of these 
ambiguous, intermittent cues is of 
interest in itself. The question re- 
mains as to the actual use that is 
made of these cues. It is possible, 
for example, that Ss translate the 
kinesthetic error cues into verbal cues 
according to the perceived magnitude 
of the errors. 

Criterion period.—During the cri- 
terion trials Ss were deprived of 
externally administered knowledge of 
results. An analysis of the criterion 
scores indicated that neither previous 
training nor length of delay produced 
a significant over-all effect in the 
criterion trials. Furthermore, train- 
ing method did not interact sig- 
nificantly with any variable or com- 
bination of variables. This resulted 
in spite of the fact that a significantly 
higher level of accuracy had been 
achieved by the verbal and kines- 
thetic error groups during the second 
half of the learning period. Such a 
condition reflects, in part, the extreme 
between-subject variability that ap- 
peared with this rather ambiguous 
criterion task, 


The interaction between trials and 
length of delay was significant. For 
this analysis the error estimate was 
not homogeneous. However, the 
error term was based on 855 df and 
the effect was significant below the 
O1 point. In addition a test of the 
differences between the groups on 
Trial 37 (the second criterion trial) 
showed a significant effect. The test 
was made before the differences had 
been determined for the various trials. 
This particular trial was chosen for the 
test because it was thought that 
differences might be greater on the 
first criterion trial and a conservative 
test was desired. On Trial 37 the 
error estimate was homogeneous. It 
seems reasonable to conclude that the 
interaction is a real effect. This 


interaction is pictured in Fig. 2. 
From Fig. 2 it is apparent that the 
effects of delay in reproducing the 
rate were most important during the 
first few trials of the criterion period. 
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Fic. 2. Retention of rate accuracy without 
externally supplied knowledge of results during 
the criterion trials. 
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Fic. 3. Mean constant errors in rate pro- 
duced without externally supplied knowledge of 
results. Error was calculated as the mean of the 
algebraic sum of all differences between the 
standard and the actual rate. The signs of all 
errors in the figure are positive. 


The effects of the two lengths of delay 


were almost identical. Apparently 
there is some critical length of delay 
beyond which an initial reduction and 
later improvement in performance 
will appear. The critical length of 
delay seems to be less than I hr. in 
length. 

Both of the delayed groups showed 
an initial rise in accuracy. For these 
groups the difference between the first 
and second criterion trials was sig- 
nificant. The group that experienced 
no delay showed a steady decline in 
accuracy during the early trials. 
These changes in accuracy appear to 
be associated with changes in constant 
errors of rate during the early criterion 
trials. Figure 3 shows mean constant 
error as a function of trials for the 
criterion period. Despite the vari- 
ability in these points certain con- 
sistencies are apparent. The signs of 
the constant errors are all positive, 
just as they were in the prelearning 
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trials. The magnitudes of the errors, 
however, are much smaller than in the 
prelearning trials. The Ss learned to 
reduce their rate considerably, but not 
quite enough. 

Both of the delayed groups started 
at a fast rate and tended to slow down 
in the early trials. In contrast, the 
group that experienced no delay began 
with almost zero constant error and 
then increased the average rate of 
turning during these trials 
These consistent tendencies to in- 
crease or decrease the average rate of 
turning are reflected by the changes 
in accuracy observed in the first few 
trials of Fig. 2. Accuracy decreased 
for the Ss who experienced no delay 
because their rate showed increasing 
deviations from standard as 
proceeded. Accuracy increased for 
the delayed Ss because their rate was 
approaching the standard during the 
early criterion trials. Beyond Trial 
40 there is little systematic relation 
between accuracy and constant error. 

Relearning period.— When informa- 
tion was again supplied, all groups 
showed immediate improvement in 
performance. By the end of the 
third trial both the verbal error and 
the kinesthetic groups had 
reached a accuracy just 
slightly below 
reached in the half of the 
learning period. During the relearn- 
ing period the performance of the 
kinesthetic error group showed no 
tendency to fall below the perform- 
ance of the verbal error group. In 
contrast the performance of the kines- 
thetic standard group showed the 
same variability exhibited in the 
second half of the learning trials 


same 


trials 


error 
level of 
the 
second 


highest level 


Discussion 


Retention in motor learning has been 
tested for a wide variety of lengths of 
delay between original learning and the 
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testing of retention. Typically a kind 
of warm-up effect is noted early in the 
testing period. It appears that the 
delayed groups in this experiment have 
shown a kind of warm-up effect. How- 
ever, there is an important difference 
between the conditions under which 
retention was tested in this experiment 
and the conditions established in previous 
experiments. Bell (2), for example, was 
concerned with the retention of pursuit 
rotor skill. In each of his studies the 
cues available in the test of retention 
were the same as those available in the 
learning task. In the present experi- 
ment retention was tested in the absence 
of the cues that had been supplied in the 
learning period. The cues remaining 
were those inherent in the task itself. 
The warm-up effect observed in Fig. 2 
apparently resulted from the use of self 
supplied kinesthetic cues that Ss had 
learned to appreciate. 

It is clear that Ss can learn to use 
externally administered kinesthetic and 
verbal cues in learning a rate of rotary 
movement. Furthermore, when they 
are deprived of external cues Ss can still 
maintain the required rate with a fair 
degree of accuracy by utilizing kines- 
thetic cues available in the task itself. 
Under these conditions the final level of 
deterioration in performance associated 
with continued attempts to produce the 
rate after no delay is as great as the final 
decrement associated with a delay of as 
long as 24 hr. 

These results were obtained 
task involving rotary movement. There 
is some evidence that similar results 
might appear with a task requiring linear 
movement. In a_ recent experiment 
Gottsdanker (3) found that, for short 
periods of time, Ss could also maintain 
a constant linear rate with a fair degree 
of accuracy when restricted to kines- 
thetic cues. Apparently the rhythmical 
nature of rotary movement is not critical 
for the present results. 


with a 


SUMMARY 


This experiment was designed to test the 
ability of Ss to utilize kinesthetic and verbal 
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cues in learning and retaining a constant rate of 
rotary movement. 

The Ss were trained to turn a handwheel at a 
constant linear rate of 160 ft. per min. (angular 
rate of 100 rpm) with information supplied after 
each trial during the learning period. One 
group received verbal information in regard to 
amount and direction of error; a second group 
received kinesthetic error information concerning 
the amount of rate error ard a verbal indication 
of the direction of error; and a third group was 
given kinesthetic information about the standard 
rate, After training had been completed Ss 
attempted to produce the same rate without the 
aid of the externally administered cues. One 
third of each training group attempted this task 
immediately, a second third was tested after a 
delay of | hr, and the remaining third was tested 
after 24 hr. 

The results indicated that either verbal or 
kinesthetic error information was superior to 
kinesthetic about the standard 
rate when the rate was being learned. In addi- 
tion, Ss were able to maintain the rate with a 
fair degree of accuracy after they were deprived 
of the cues used in learning. The final level of 
accuracy achieved under these conditions was 
unaffected by the amount of delay experienced 
before the retention of the rate was tested. 


information 
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SPONTANEOUS RECOVERY AND STATISTICAL 


LEARNING 


THEORY ! 


LLOYD E. HOMME? 


Indiana University 


To be reported here are two experi- 
ments designed to uncover relation- 
ships between spontaneous recovery 
and (a) number of reinforcements, 
and (b) spacing of reinforcements. 
Further, the experiments are designed 
so that the results may be compared 
with predictions from statistical learn- 
ing theory (1, 2). 

In Estes’ original model (1) a 
stimulating situation is represented 
as a single set of elements which re- 
mains fixed during the experimental 
period. While this single-set notion 
seems adequate for dealing with many 
events taking place in one session, it 
has been found necessary, when the 
problems of spontaneous recovery and 
related phenoma (2) are considered, to 
postulate that the set of elements 
available during any one experimental 
period is a random sample from a 
larger total set of elements available to 
the organism, and further, that the 
elements in the experimental set are 
replaced, over any period of time, by 
random sampling from the larger set. 
The assumption is made throughout 
that the probability of occurrence of a 
response, R, is equal to the proportion 
of elements conditioned to R in the 
experimental subset. 


To show how the model may be related 
to experimental events, we shall consider 
an initial Skinner-box learning session for 
a naive animal. At the beginning of the 


' This report is a revised portion of a disserta- 
tion submitted to Indiana University in partial 
fulfillment of the requirements for the degree of 
Doctor of Philosophy. ‘The writer is deeply in 
debted to Professor W. K. Estes for his generous 
advice and assistance. 

? Now at the University of Pittsburgh. 


session there are, let us assume, no ele 
ments conditioned to bar-pressing. This 
is illustrated in Fig. 1A, by letting the 
larger circle, S*, represent the total avail 
able elements, and § the portion of the 
total set available on any experimental 
period. At the end of the conditioning 
period all of the elements, let us say, in 
the experimental subset are conditioned, 
but, neglecting interchanges during the 
experimental period, none of the ele 
ments outside this subset are conditioned 
ones. This state of affairs is represented 
in Fig. 1B. 

Now, if we allow 24 hr. to elapse before 
replacing S in the apparatus for extinc 
tion, it is apparent that the sample of 
stimulus elements present during the 
extinction period will not include all the 
elements that were conditioned the pre 
vious day; some conditioned elements 
may be thought of as having “drifted 
out” of the sample, while some uncondi 
tioned elements have “drifted in,” as 
in Fig. 1C, 

Now if we carry out extinction until 
all the elements in S are extinguished 

s 
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Fic. 1. Schematic representation of stimu 
lus element situation in relation to some experi 
mental operations. X's represent 
conditioned to R; dots represent elements not 
conditioned to R to R). The 
larger circle represents the total available popu 
lation of elements; the smaller circle represents 
the portion of elements available on asingle 
experimental session. 


elements 
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(Fig. 1D) and then allow 24 hr. to elapse 
before replacing S in the apparatus, some 
of the extinguished elements will have 
drifted out to be replaced by conditioned 
ones (Fig. 1E). The probability of re- 
sponse now will be greater than at the 
end of the previous extinction period; 
spontaneous recovery will have occurred. 


From the foregoing considerations 
it may be seen that several predictions 
can be made concerning the effect of 
number of reinforcements and spacing 
of reinforcements on spontaneous re- 
covery from extinction. Below are 
statements of the pertinent predic- 
tions regarding these variables de- 
ducible from Fig. 1 on a verbal basis. 
Mathematical expression of these pre- 
dictions will be given in a later section. 

In statistical learning theory it is 
specified that the number of elements 
conditioned in a single experimental 
period is an increasing exponential 
function of the number of reinforce- 
ments, so that, in terms of Fig. 1, as 
the number of reinforcements is in- 
creased there would result a greater 
number of conditioned elements in S. 
Now, with the simplifying assumption 
that all elements have an equal and 
independent probability of being 
drawn on any one experimental pe- 
riod, it is clear that the number of 
conditioned elements present at the 
beginning of a first extinction period 
will depend on the number originally 
conditioned. It also follows that 
after the first extinction period, in 
which all the conditioned elements in 
S become unconditioned, the number 
of conditioned elements remaining 
outside S will also depend on the de- 
gree of original conditioning. If this 
is true, the likelihood that conditioned 
elements will drift back into S before 
the test for spontaneous recovery will 
also depend on the number of rein- 
forcements during conditioning. 
From these considerations, then, the 
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following predictions emerge: (a) ini- 
tial probability in extinction should 
be an increasing (exponential) func- 
tion of the number of reinforcements, 
(b) the level of recovery 24 hr. after a 
first extinction period should be an 
increasing function of the number of 
reinforcements, and (c) the total num- 
ber of responses over the extinction 
series should be an increasing function 
of the number of reinforcements. 

By the relationships of the model 
presented above, a given number of 
reinforcements spaced over several 
periods should result in more responses 
during extinction than the same num- 
ber of reinforcements in one period. 
This prediction is a consequence of 
stimulus fluctuation between acquisi- 
tion periods. With massed acquisi- 
tion only S elements are available for 
conditioning; with spaced acquisition 
more of S* is available since several 
samples of size S are drawn. There- 
fore, with spaced acquisition more 
different elements will be present at 
some time during the course of the re- 
inforced trials and on_ statistical 
grounds we should expect more ele- 
ments to become conditioned than in 
the case of masses acquisition. The 
predictions are, then, that (a) initial 
probability in extinction should be 
greater for the spaced groups, (6) 
there should be a higher level of re- 
covery 24 hr. after extinction for the 
spaced groups, (c) the total number of 
responses over the extinction series 
should be greater for the spaced 
groups, and (d) there should be a 
greater difference between a group 
with five spaced acquisition periods 
and its massed acquisition control 
than between a group with two spaced 
acquisition periods and its control 
group. 

These predictions are tested in the 
conditions of the investigations that 
are to be described and reported here. 
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Predictions from other theories of 
recovery.— Although these experiments 
were specifically designed to test a set 
of predictions from a statistical theory 
of learning, it is likely that other the- 
ories of extinction and recovery could 
mediate many of the same predictions. 
An extended review of extinction 
“theories” may be found in Razran 
(9) and will not be attempted here. 
Estes’ theory of extinction, from which 
we will derive quantitative expressions 
for treatment of the present data in a 
later section, might be thought of as a 
more formal and testable statement of 
notions characteristic of Guthrie (4) 
and Wendt (11), in that the animal is 
considered to be learning a competing 
response in the presence of a situation 
which previously set the occasion for 
a conditioned response. Hiull’s the- 
ory, on the other hand, might be 
thought of as combining certain 


features of Pavlovian inhibition the- 
ory and Guthrian competing response 


theory (cf. Spence [10]). Because 
of the relatively incomplete specifica- 
tion of the s/x construct, the design 
of the experiments and treatment of 
the data reported here have been or- 
ganized in terins of the more quantita- 
tive relationships derivable from the 
statistical theory. 


Metuop 


Design.—Six groups of Ss were used. Groups 
1-4 received 15, 50, 100, or 250 reinforcements, 
respectively, during a single experimental pe 
riod. These groups will be compared to evaluate 
the effects of number of reinforcements on ex- 
tinction and spontaneous recovery. Group 5 
received 100 reinforcements spaced 50 per day 
for two days; Group 6 received 250 reinforce 
ments spaced 50 per day for five days. Groups 
5 and 6 will be compared in conjunction with 
Groups 3 and 4 as in a factorial design in order to 
evaluate the effects of spacing, number of rein- 
forcements, and the 
two variables on 
recovery. 

Subjects.—The Ss were 144 albino rats 70 to 
90 days old obtained in six shipments of 24 each 


interaction between these 


extinction and spontancous 
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from the Windsor Biology Gardens, Blooming- 
ton, Indiana. One shipment consisted of males, 
the other five of females. The Ss in each ship- 
ment were randomly assigned to the six experi- 
mental groups with the restriction that four go 
into each group. Each experimental group, 
then, contained a total of 4 males and 20 females. 

A pparatus.—The apparatus consisted of eight 
identically constructed Skinner-type boxes 
The rat was contained in a chamber 10) X 12 
X 10 in. having a floor of hardware cloth, side 
and rear panels of fiberboard covered with wire- 
mesh screen, and a front panel of aluminum 
From the left side of the front panel a 2-in. wide 
bar (with the leading edge rounded to reduce the 
frequency of bar-biting) protruded § in. For 
this experiment the bar and rotary microswitch 
were adjusted so that a 4-gm. weight on the lead 
ing edge would close a circuit activating the 
water-dipper mechanism when the bar was de 
pressed j in. from its original position 34 in. from 
the floor. During extinction the dipper mech 
anism was shunted out so that only the recorder 
was in the circuit. Each of the experimental 
chambers was enclosed in a 284 & 13] & 144 in. 
partially 10-w. bulb 
mounted between the rear wall of the experimen 
tal chamber and the outer box furnished suffici 
ent illumination so that 


soundproofed box. A 


S could be observed 
through a Plexiglas aperture cut in the top of the 
soundproofed outer box. Responses were re 
corded in an adjoining room by means of an 
Esterline-Angus Operations Recorder 

Procedure.—The Ss in each shipment were 
assigned to four squads, each containing one 
member of each experimental group. All Ss in 
a squad were run simultancously in six of the 
eight Skinner boxes. (The other two boxes were 
used for a related experiment.) Counterbal 
ancing was employed to control for box differ 
ences, three Ss in each group being assigned to 
each of the eight Skinner boxes 

All Ss were tamed by handling for at least 
three days prior to the experiment and were 
placed on a 22-hr. water-deprivation schedule 
for at least six days prior to experimentation 
Food was available in the home cages at all times 

After taming and watering-schedule training 
Ss were conditioned to run to the dipper and 
drink at the sound of the “dipper click,” a char 
acteristic sound produced when the dipper sole 
noid retracted the dipper into the water reservoir 
and released it. This dipper training, carried on 
for | hr. per day for three days, was accomplished 
by placing Ss in Skinner boxes in which the bars 
had been covered with a shield. The 
boxes were equipped with a timer which operated 
the dippers and a counter every 5 min. In each 
day’s I-hr. session, then, the dipper click fol 
lowed by water presentation occurred 12 times 


metal 
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Intermittent observations by E through the top 
of the box showed that all Ss learned to approach 
and drink from the magazine at the sound of the 
click. 

Conditioning.—Alter Ss had received three 
days’ dipper training, the metal shields were re- 
moved from the bars and the bar circuit was 
switched in so that whenever bars were depressed, 
the dippers and counters would operate. When 
the predetermined number of bar presses had 
been made, Ss were removed from the apparatus 
and watered for | hr. 

Extinction.—On the day following the final 
acquisition period, the dipper mechanism was 
shunted out of the circuit so that only the re- 
corder was activated when bar-pressing occurred. 
After the apparatus was tested and the dippers 
were dried, Ss were placed in the boxes and left 
there for | hr. At the end of this time Ss were 
watered for | hr. after being returned to their 
home cages. This procedure was repeated daily 
for five extinction periods. 


REsuLTs 


The mean total extinction responses 
during successive 60-min. periods for 
Groups 1-4, where number of rein- 
forcements during a single session was 
varied, are shown in Table 1. It was 
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predicted that initial probability 
would differ among groups receiving 
differing numbers of reinforcements. 
Since it is specified in statistical learn- 
ing theory that rate of responding is 
directly related to probability, the 
cumulated totals for the first 3 min. 
(by the third minute the totals have 
lined up in the order which is main- 
tained over all totals) have been com- 
pared. The means (14.62, 22.67, 
23.71, and 24.96 for Groups 1-4, 
respectively) were found by analysis 
of variance to differ significantly 
(F = 6.43, df 3 and 80, P < 01). 
The prediction with respect to initial 
probability will be discussed further in 
connection with the po parameter in 
the theoretical equations. 

Mean response totals for the first 
day of extinction are in agreement 
with other studies of the number-of- 


+ In this instance and those to follow, where- 
ever a significant P is reported, Bartlett’s test for 
homogeneity of variance has yielded a nonsig- 
nificant value. 
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reinforcements variable (8, 12, 13, 14), 
although the F obtained in analysis of 
variance is not significant (F = 2.26; 
F required at .05 level is 2.72 for 3 
and 80 df). Mean totals for the five 
extinction sessions (169.6, 181.7, 
208.8, and 229.7 for Groups 1-4, re- 
spectively) fall in the predicted order. 
Analysis of variance yields an F value 
of 2.36; 2.72 is required at the .05 
level with df 3 and 80. 

The mean daily extinction totals 
for Groups 3-6, where number and 
spacing of reinforcements was varied, 
are also shown in Table 1. 

Initial probabilities in terms of rate 
of responding were evaluated as in a 
factorial experiment with two vari- 
ables, number of reinforcements and 
spacing. Neither variable yielded a 
significant F but the interaction term 
was significant at well beyond the .05 
level (F = 6.28, 1 and 80 df). 

It will be noted in Table 1 that, for 
the extended spacing group (50 x 5 
reinforcements), there are, as pre- 
dicted, more responses than for its 
control (250 massed reinforcements). 
In the case of spacing over two periods 
(50 & 2) versus one (100 reinforce- 
ments), this difference is not observed. 
Similar relationships are to be seen 
throughout the five extinction ses- 
sions. The totals over all periods are 
208.8 and 197.9 for the 100 vs. 50 x 2 
reinforcement groups and 229.7 and 
288.0 for the 250 vs. 50 5 rein- 
forcement groups. Evaluating the 
differences between these as in a fac- 
torial experiment, analysis of variance 
yields a significant F for the reinforce- 
ment variable (F = 10.03; P < .O1, 
l and 80 df). Neither the F for spac- 
ing nor the F for interaction attains 
significance at the .05 level. 

When the mean totals for Day 1 
are analyzed in the same way, the 
number of reinforcements variable is 
significant at the .O1 level (F = 8.15, 
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1 and 80 df), and the interaction term 
is significant at the .05 level (F = 
4.01), but the spacing variable is not 
significant (F = 1.29). The signifi- 
cant interaction term is of particular 
interest because it supports the pre- 
diction of a greater difference between 
the five-period spacing group and its 
control than between the two-period 
spacing group and its control group. 
The ¢ statistics computed between the 
mean total on Day | for Group 6 and 
its control, Group 4, is significant at 
the .05 level (¢ = 2.21, 46 df). The 
difference between Groups 3 and 5 is 
not significant. 


RELATIONSHIPS BETWEEN 
Data anp THEORY 


In the introductory verbal statement 
of the model an important simplifying 
assumption was made that all elements 
have an equal and independent prob- 
ability of being drawn on each session 
Quantitative predictions utilizing this 
assumption will be presented and com- 
pared with the data. 

Let us suppose there are, altogether, 
C, elements conditioned in S, (cf. Fig. 1) 
at the end of conditioning. Now, on the 
assumption that all elements fluctuate 
and have equal probabilities of being 
drawn, there will be available, at the 
beginning of the first extinction period, 


only the fraction of those originally 


“~6@ 
conditioned. Letting N,. be the num- 
ber of conditioned elements available at 
the beginning of the first extinction pe 
riod, then 


(1) 


Now, if extinction has been carried out 
until probability of responding ap 
proaches zero in this session, C, will have 
been reduced by this amount, 5 Co, 80 

“* 
that with a sufficient recovery period the 
number of elements available at the 
beginning of the second extinction period, 
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o 
generalize Equation 2. The number of 
conditioned elements available at the 
beginning of the m‘” session is given by 
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Se 
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where m is the ordinal number of the 
extinction session. 

Relating number of elements, Nz,» to 
probability we have, letting Pom be 
probability at the beginning of the m*» 
session, 


= Co a mt 
5 S. (1— ;)""". (4) 

Now in statistical learning theory (1) 
an equation for the cumulated number of 
bar-pressing responses is given. On the 
assumption that extinction is the learn- 
ing of competing behaviors, Equation 5 
follows directly (See [5] for a fuller 
derivation). 


R« 5 in(t iy (5) 


where 6 equals the proportion of elements 
effective at a given moment, p, is the 
initial probability in extinction, and R 
is total number of responses during a 
period. Now, by substituting Equation 
4 into Equation 5, we may write for the 
number of responses on the m*” day, 
Rm, the following: 


1 
Rm = 6 /nll — (po)(1 — i"). (6) 


The values obtained with Equation 6 
are shown in Table 1 opposite the desig- 
nation, predicted. The numerical form 
of Equation 6 from which these values 
were obtained is 


Re — 12 = 28.7 In(1 — (p.) .585"-*]. 
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HOMME 


The po values used were .930, .944, .968, 
and .976, for the 15, 50, 100, and 250 re- 
inforcement groups, respectively; for the 
50 X 2 and 50 X 5 groups the p, values 


The ; 


here is the value found in fitting acquisi- 
tion data from comparable animals in a 
different experiment using the same ap- 
paratus (4). The (/ — /) is from curve 
fitting by approximation, the p, values 
are adjusted so that the predicted and 
obtained first day’s totals coincide, and 
an operant rate of 12 responses per hour 
has been subtracted each day to approxi- 
mate the theoretical requirement that 
rate of responding go to zero each session. 
(Homme found in an independent experi- 
ment [4] with comparable animals in the 
same apparatus, that, for 12 days’ ex- 
tinction the mean operant rate was 11.67 
responses per hour for the last three 
days.) It should be emphasized that j 
and @ are constant for all predictions; 
only Po is permitted to vary. 

It seems that the discrepancies be- 
tween data and predicted curves are not 
of a nature to require rejection of the 
hypothesis that the predicted curves are 
of the required form and that the ob- 
tained curves have the same slope. It 
will not be overlooked, however, that 
there are systematic discrepancies be- 
tween these curves and the data. For 
the low reinforcement groups too many 
responses are predicted, and for the high 
reinforcement groups, too few. Sec- 
ondly, to ensure that the first theoretical 
and obtained points coincide, po values 
required are higher than the unmodified 
assumption of random fluctuation of 
stimulus elements permits; even if all of 
the elements in an experimental sample 
(S of Fig. 1) were conditioned during 
massed acquisiton, fp, at the beginning of 
extinction 24 hr. later could not exceed 
j, which in this case is .415. 

It is worth noting that the deviations 
mentioned above are strikingly similar 
to the sort to be expected if there were a 
“common core” of stimulus elements 
having a very high probability of being 
drawn, which are present on a// experi- 
mental sessions. It seems reasonable to 


used were .957 and .991. used 
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suppose that there are certain compon- 
ents of the stimulating situation which 
are almost inevitably present on every 
trial, e.g., some of the proprioceptive 
cues attendant on bar-pressing, and 
some which are not, e.g., the visual 
stimulation attendant on bar-pressing. 
(Although the bar must go down in a 
particular way on each response, this is 
not primarily contingent on the rat’s 
visual orientation.) The assumption 
that the probability of being drawn on a 
given trial varies among stimulus ele- 
ments has already been given explicit 
theoretical treatment in Estes’ and 
Burke’s discussion of the “6 distribution” 
(3). The common-core notion may be 
viewed as an instance or special case of 
the 6 distribution hypothesis, making the 
simplifying assumption that the dis- 
tribution is made up of two components, 
the very high probability elements con- 
stituting the common core, and the 
fluctuating elements whose probabilities 
are within a range such that serious 
error is not introduced by dealing with 
their mean. The consequences of the 
common-core assumption are that initial 
probability as well as total responses on 
the first extinction period ought to be 
greater than can be accounted for by the 
unmodified random fluctuation rule. 
By the same reasoning, fewer responses 
on succeeding sessions are to be expected 
to the extent that already extinguished 
elements of the common core continue 
to occupy the sample space but do not, 
of course, contribute to response strength. 

It can be shown quantitatively that 
the common-core assumption will in 
crease the correspondence between ob- 
tained and predicted total daily extinc- 
tion responses and that this effect is 
particularly noticeable on the Day 2 
values. Also the required initial prob- 
abilities will assume more theoreti- 
cally reasonable values. In view of the 
variability exhibited in the obtained data, 
however, it is not clearly certain that 
this theoretical modification is required 
at the present time. 


SUMMARY 


Investigations are reported of the theoretical 
and empirical relationships between spontaneous 
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recovery from extinction and (a) number of rein 
forcements and (b) spacing of acquisition. ‘The 
experiments utilized albino rats in a Skinner 
type conditioning situation. 

To study the effect of number of reinforce 
ments, four groups received 15, 50, 100, or 250 
reinforcements on the same day, followed by five 
daily 60-min. extinction sessions. It was con 
cluded that the data offer considerable support 
for predictions from Estes’ statistical theory of 
learning concerning: (a) initial probability of 
responding during extinction, (b) ordering of day 
to-day curves of total responses in extinction, 
and (c) the convergence and slope of the curves 

To study the effect of massed versus spaced 
acquisition, two massed acquisition groups re 
ceived 100 or 250 reinforcements on the same day 
and two spaced groups received 50 reinforce 
ments on each of the two days, or 50 reinforce 
ments on each of five days. All groups received 
five daily 60-min. extinction sessions. Theoret 
ical predictions concerning higher initial proba 
bilities and higher totals of responding during 
extinction following spaced acquisition were sup 
ported only by the differences between the five 
day spaced acquisition group and its control 
Predictions concerning the differential effect of 
five-day versus two-day spacing and the form and 
shape of the day-to-day curves of total responses 
in extinction are supported. 


The statistical learning theory which the in 
vestigations were designed to test assumes that 
all elements in the stimulus population fluctuate 
randomly in and out of the effective stimulating 


situation. It was mentioned that a _ better 
quantitative account of the data could be ob 
tained if this assumption were modified to allow 
for a common core of stimulus elements which re 
main fixed while the remainder of the population 
is subject to random fluctuations. 
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When S learns A—B, is he at the 
same time learning B—A? This pos- 
sibility has been suggested in explain- 
ing the results of two recent experi- 
ments, one on mediated generalization 
(4) and one on negative transfer (5). 
Also, “backward” learning has re- 
ceived considerable attention in the 
remote backward associations of serial 
learning (3). One can argue that an 
A—B—C—D-—FE serial list is com- 
posed of successive pairs (A—B, 
B—C, etc.) and that the demon- 
strated presence of backward associa- 
tions proves that the backward learn- 
ing of B—A, C—B, etc. must have 
occurred. The study of backward 
learning in serial lists, however, is 
complicated by the facts that (a) each 
syllable functions both as a stimulus 
and as a response, and (b) adjacent 
“pairs” are linked together by virtue 
of an identical syllable. 

It was felt that the problem of 
backward learning warranted further 
investigation, especially in view of its 
possible importance in understanding 
the learning process. Therefore the 
present study was undertaken to 
determine if backward learning does 
take place and, if so, to what extent 
it occurs. 


PROCEDURE 


To study backward learning the present 
experiment used a transfer of training design 
which was developed to control for practice 
effects. The design is shown in Table 1 and 
was as follows: Ss learned 10 A—B pairs on 
List I, and then learned List II which contained 
15 pairs. The Ss in Group I learned, in List II, 
five pairs (A—B) that were merely repeated 
from List I, five pairs (B—A) that were reversed, 
and five control pairs (A—Be) that were com 
pletely new to them. If Ss had learned B—A 
directly on List I, the B—A pairs on List I 
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should show positive be 
to learn than A—Be). 
included List II to 


transfer under these conditions 


transfer (i.c., 
The A—B pairs were 
determine 


casicr 


in maximum 

Positive transfer could also result if Ss had 
merely learned the individual B and A members 
(rather than the connections between them) on 
List I. If this were the cause of the positive 
transfer, there should also be facilitation if the 
B and A members were scrambled or rearranged 
on List II. However, the rearrangement would 
produce interference if the specific B 
nections had been learned on List I (5) 
fore, whether or 
individual members had been learned on List | 
Ss in Group II learned a 15-pair List I] that 
contained five A—B pairs rearranged (A—-Ba), 
five B—A pairs rearranged (B—Ag), and five 
control pairs (A—Be). A—B would 
provide a standard to evaluate the degree of 
positive transfer for B-—A, \—Br would 
provide a standard to evaluate the degree of 
negative transfer for B—Apx 

The Ss were 24 undergraduate psychology 
students, male and female. The method used 
anticipation, pronounciation, noncorrection, and 
a varied order of presentation; no intertrial 
interval; and a 3-sec. presentation rate (1.5 sec 
for 8, 1.5 sec. for S—R) 

All Ss first learned a practice list 10 pairs 
long. It was composed of 20 Glaze (2) 93% 
association value nonsense syllables paired at 
random. The Ss learned the list to a criterion 
of three correct anticipations in one trial. List 
I was composed exclusively of Glaze 100% 
syllables and was learned by all Ss to a criterion 
of one perfect trial. List II was also composed 
only of 100% syllables, and was learned: (a) 
until each of the 15 pairs had been correctly 
anticipated at least once, although not neces 
sarily on the same trial, or (b) for 30 trials, 
whichever came first. 


\ con 
There 
connections 


to determine 


Just as 


80 


Prior to learning List II, Ss were merely 
told that the list would contain both old and 
new nonsense syllables. If they asked if the 
pairs would be the same (or different), they were 
told to wait and see. Approximately 3 min 
elapsed between the end of List I and the start 
of List II. 

List II required 30 100% syllables ; these were 
selected from the Glaze list so as to minimize 
duplication of letters and letter combinations 
The 30 were randomly paired to form the Group 
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TABLE 1 


Desicn or Experiment 








List I 
Groups I & IL |}——--— 


List II 





( - 
” ” Group 1 (N = 12) 


Group II (N = 12) 





A—B 


Ay B, 
Ar—B, 


BA 


Bg ~Ag 
B, Ay | 


\so Byo 





| Bae Mw | 


I list, but pairs with identical letters in the two 
syllables were ruled out. The 15 Group I pairs 
were rearranged as necessary for Group II. 
Since the comparisons between 
groups of pairs within one list, it was necessary 
to control for possible differences in ease of 
learning individual S—R_ pairs. 
Both Group I and Group II were broken down 
into three subgroups. With three experimental 
conditions (forward, backward, and control) a 
3X 3 latin square was used so that each S—R 
pair appeared in a different experimental condi 
With this counter 
balancing each pair appeared equally often in 
the forward, backward, and control groups 
There were four Ss in each subgroup, and they 
were randomly assigned. 


basic were 


among the 


tion for each subgroup 


REsuLTs 


The measure of learning used was 
the total number of correct anticipa- 
tions per pair (abbreviated CA) for 
the blocks of five nonsense syllables 
treated alike. All computations of 
the significance of differences between 
blocks of nonsense syllables within 
the same lists took into account the 
correlation of scores, with df = 11. 
For Group I (N = 12) the mean 
difference between A-—-B pairs and 
A—Be pairs was +3.2 CA’s, and this 
difference was significant (t = 4.95, 
P < Ol). The mean difference be- 
tween B-—A pairs and A—Be pairs 
was +2.4 CA’s, significant 
(t = 2.53, P < 05). The difference 
between A-—-B pairs and B—A pairs 


also 





| 
Be 
| 

| 


Ato Ais 


was, however, not significant (t = 1.65, 
P > 05). Thus, both the A—B 
pairs and the B—A pairs showed 
positive transfer, but did not differ 
significantly from each other. 

For Group II (N = 12) the mean 
difference between A—Bga pairs and 
A—Be pairs was — 3.6 CA’s, and the 
difference between B—Ag and A—Be 
pairs was — 5.1 CA’s. In both cases 
the differences were significant (t’s of 
3.15 and 3.56, respectively, P < .01 
for both), but again the difference 
between them was not significant 
(t= 162, P> 05). Thus, both 
A—Bry and B—Ag showed negative 
transfer; the latter actually showed 
more interference than the former, but 
this difference was not significant. 

The data for Group I can give a 
measure of transfer for B—A. If the 
number of CA’s for the control pairs 
represents zero transfer and the 
number of CA’s for the forward pairs 
represents 100% transfer, the CA’s 
for the backward pairs can be trans- 
lated into a percentage of maximum 
possible transfer (1). With this 
method the B—A pairs showed a posi- 
tive transfer of 73%. This figure, 
however, is somewhat arbitrary. It 
would probably have been lower, for 
instance, with a less stringent List I 
criterion, but higher with a more 
stringent List I criterion. 
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Since the B—A pairs showed posi- 
tive transfer, it would appear that Ss 
had learned B—A on List I. Since 
the B—Ag pairs gave negative trans- 
fer, it would appear that Ss had 
learned specific backward associations 
rather than just the individual A and 
B members. As final proof of this, 
the difference between the facilitation 
of B—A and the interference of B—Ap 
was highly significant (t = 4.44, 


P < Ol). 


Discussion 


Under the conditions of this experi- 
ment Ss, in learning A—B, were evi- 
dently also learning B—A. Further- 
more, to judge by the amount of positive 
transfer shown, they seemed to be 
learning B—A quite well—almost as 
well, in fact, as they learned A—B. 
Actually, the data cannot disprove a 
hypothesis of no difference between 
forward and backward learning. 

The finding of so much backward 
learning is especially surprising in view 
of the various conditions that would 
appear to be unfavorable for it. On 
List I everything indicated a forward 
sequence. The Ss were always shown 
A and asked to anticipate B, never the 
reverse. When A and B appeared to 
gether it was always, reading from left to 
right, first A then B. The Ss were 
given no warning that a reverse order 
would ever be used. In learning they 
often called out the A syllable and at- 
tempted to anticipate B; failing, they 
would verbalize B when it appeared. 
No S§ reported actively rehearsing B—A; 
actually, with the rapid presentation 
rate and absence of any intertrial interval 
there was little opportunity for rehearsal 
of any kind. On the other hand, though, 
use of 100% syllables may have con- 
tributed to the backward learning, 
especially insofar as the syllables lent 
themselves to mediating associations. 
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Clearly, Ss’ learning in this experiment 
was bidirectional. But is it correct to 
call the B—A learning “backward’’? 
The test for learning in List II was clearly 
backward with respect to the test for 
learning in List I, but this does not 
necessarily mean that the List I learning 
was backward. The two syllables were 
presented simultaneously to Ss; presum 
ably they had to respond to them 
sequentially, but the time interval be 
tween the two responses would be very 
slight. Perhaps the temporal contiguity 
was the important factor, and which 
syllable came first and which second was 
relatively unimportant. In any case, 
it would seem that further work on this 
problem is indicated. 


SUMMARY 


The attempted to 
whether Ss, in learning A—B, also simultane 
ously learn B—A. Following an A—B paired 
associate list, half the Ss showed considerable 
positive transfer in learning B 
the other half 
transfer in learning “scrambled” B 
Presumably both the positive and 
transfer resulted from learning of 
B—A. It was concluded, therefore, that back 
ward learning does occur, although the term 
“backward” may not be appropriate to describe 
this phenomenon 


experiment determine 


A directly, while 


showed considerable negative 
\ pairs 
negative 


an initial 


REFERENCES 
1. Gaon, R. M., Fosrer, H., aCrowrey M. F 


The measurement of transfer of training 
Psychol. Bull., 1948, 45, 97-130. 
Graze, J. A. 
sense syllables. 
35, 255-269 
McGeocnu, J. A., & Inton, A. L 
chology of human learning 
Longmans, Green, 1952. 

. Murnock, B. B., Jn. The effects of failure 
and retroactive inhibition on mediated 
generalization. J. exp. Psychol., 1952, 
44, 156-164 

5. Porter, L. W., & Duncan, C. P. Negative 
transfer in verbal learning. /. 
Psychol., 1953, 46, 61-64 


The association value of non 


J. genet. Psychol., 1928, 


The f 
New York 


(xp 


(Received March 31, 1955) 





Journal of Experimental Psychology 
Vol. 51, No. 3, 1956 


VERBAL LEARNING 


AND RETENTION 


AS A FUNCTION 
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Most students of verbal learning 
assume that one of the factors de- 
termining the probability of a correct 
anticipatory response to a_ given 
stimulus is the number of competing 
associations attached to the stimulus. 
Such competing associations have 
been given a role in theoretical treat- 
ments of the acquisition, transfer, and 
retention of verbal responses (3, 8, 
10, 12). 

One way of varying the number of 
competing associations is to utilize the 
development, through stimulus gen- 
eralization, of generalized associations 
to similar stimuli within a list, and to 
relate the speed of learning of such a 
list to the number of competing 
associations. ‘That verbal responses 
do generalize to similar stimuli, where 
similarity is variously defined, is in- 
dicated by a number of studies (2, 4, 
6,11, 23). It is presumed that when 
a correct association A,-B is strength- 
ened, that associations A,-B, A;-B, 
etc., are likewise strengthened where 
As, As, etc., are stimuli similar to A. 
Now if A», Ag, etc., are not included 
in the same list with A,, such tend- 
encies will not be revealed until S is 
specifically tested with these stimuli. 
If, however, A, is in the same list with 


A,-B, and A, is paired with C, then 


' This report is based on a dissertation sub- 
mitted to the faculty of the Department of Psy- 
chology of the State University of Iowa in 
partial fulfillment of the requirements for the 
Ph.D. degree. ‘The writer wishes to thank Dr. 
Harold P. Bechtoldt for directing the investiga- 
tion, and the other members of his committee 
for their suggestions in planning the study. 

* Now with the Human Resources Research 
Office, The George Washington University. 
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presumably whenever A,-C is strength- 
ened, A,;-C is also strengthened 
through stimulus generalization. It 
is in this way that the competing 
association A,-C is developed. 

There have been two studies using 
this technique with paired associates 
that are specifically analyzable in 
terms of stimulus. generalization. 
Gibson (5) used four sets of three 
similar nonsense figures as stimuli 
with nonsense syllables as responses in 
alist of 12 pairs. In this way, for any 
pair, presumably two competing as- 
sociations would be developed. She 
had previously shown that a high 
degree of stimulus’ generalization 
would be obtained with these sets of 
stimuli (4). A control group learned 
the same nonsense-syllable responses 
to a standard set of dissimilar non- 
sense figures. Marked retardation 
was shown in learning responses to the 
similar stimuli. 

Underwood (18) varied the number 
of nonsense-syllable stimuli with iden- 
tical first and last letters. He found 
that trials to learn increased as a 
function of the number of pairs having 
similar stimuli. 

The results of a number of other 
studies (17, 18, 21, 22) of serial and 
paired-associate learning cannot be 
interpreted in terms of the type of 
generalization involved in establishing 
the competing associations, since in 
these studies opportunity has been 
allowed for the simultaneous action of 
stimulus generalization, response gen- 
eralization, and _ stimulus-response 
generalization. These studies, how- 
ever, have consistently shown inter- 
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ference in learning to be a function of 
the number of competing associations. 

Interest in retention as a function 
of intralist similarity has stemmed in 
part from Gibson’s theorizing (3). 
Gibson assumed that during practice 
the strength of the generalized re- 
sponses to similar stimuli in a list 
would tend to be reduced through the 
mechanism of differential reinforce- 
ment, and that following practice 
these generalized responses would 
tend to recover, so that recall would 
be poorer for lists with a high degree 
of intralist similarity. Subsequent 
research has not supported this pre- 
diction, the general conclusion being 
that intralist similarity does not affect 
recall (5, 17, 18, 19, 20, 21). 

The purpose of the present experi- 
ment is to relate the learning and 
retention of paired adjectives to the 
number of competing associations, 
where the number of competing 
associations is manipulated by vary- 
ing the number of synonymous ad- 
jective stimuli in a list. Synonyms 
are known to manifest stimulus gen- 
eralization (23), and _ interference 
effects, predictable on the basis of 
generalization of one type or another, 
have been obtained with synonymous 
adjectives (17, 20, 21, 22). 


Meruop 


Lists.—The experimental lists were (a) no 
synonymous stimuli, no competing associations ; 
(b) four sets of two synonymous stimuli, one 
competing association per pair; (c) two sets of 
four synonymous stimuli, three competing 
associations per pair; and (d) one set of eight 
synonymous stimuli, seven competing associa- 
tions per pair.2 These lists are shown in Table 1. 
The stimuli in each row (and thus in each list) 
are matched by their rank in thousandths in the 
Thorndike-Lorge word frequency count (13). 
The stimuli in the lists are composed of ap- 


* The number of competing associations refers 
only to the competing associations presumed to 
be established by the stimulus variations em- 
ployed in these lists. 
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TABLE 1 


Pains Usep tn Tue Expertmmentat Lists 


Stimuli 
Responses 


All Lists 


List A 


List B | List ¢ List D | 


gigantic 
drowsy massive 
remote remote 
idle distant 
energetic | energetic 
lonely lively 
quiet quiet 
tender silent 


gigantic yearly 
jolly 
fragrant 
kindly 
wintry 
normal 
outer 
pious 


gigantic gigantk 
massive | Massive 
immense | immense 
Vast Vast 
energetic 
lively 
busy 
active 


colossal 
| enormous 
| large 
| huge 





proximately the same number of letters and the 
same number of syllables. The two 
syllable adjectives were used for the responses 
in all lists. Within any list there is no duplica 
tion in initial letter of the words used. It should 
be noted that one pair, GIGANTIC-YFARLY, 
is common to all lists. 

Procedure.—After receiving appropriate in 
structions, all Ss were given eight trials on a 
practice list. 


same 


The practice list was eight pairs 
of four-letter nouns selected from the thousand 
most frequent words in the Thorndike-Lorge 
count. Following the practice list, S learned his 
particular experimental list to a criterion of 
seven out of eight responses correct, by the 
anticipation method. ‘The S was then dismissed 
with instructions to the effect that there would 
be more lists to learn on the following day 
Twenty-four hours later recall measures were 
obtained and S relearned his list to the 7/8 
criterion. The order of pairs used for S on the 
first relearning (recall) trial was different from 
the order of pairs on his criterion trial the day 
before, and the order of presentation was 
systematically varied among the four orders 
thereafter. 

All lists were presented on a Hull-type drum, 
the stimulus appearing for 2 sec. followed by the 
joint preseniation of stimulus and response for 
2 sec The 
orders were arranged so that no pairs occ urred 


Four orders of each list were used 


in the same adjacent sequence more than once, 
and so that in Lists B and C no more than two 
synonymous stimuli 
within any one order. The intertrial interval 
for all lists (including the practice list) was 4 sec. 

Subjects. —The Ss were 40 men and 40 women 
drawn from two classes in introductory psy- 
chology. 


occurred in succession 


All Ss used were naive with respect to 
participation in verbal learning experiments and 
were from the middle (% of students on the 
forced-choice form of the Taylor Anxiety Scale 
(7). Ten men and learned each 
experimental list. Six other Ss were run but 
their data were eliminated. Of 


10 women 


these, three 
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failed to return for recall on the second day, 
and one S was discarded for failure to comply 
with instructions. The remaining two Ss were 
discarded for failure to learn. One of these Ss 
was attempting serial learning of responses, and 
the other S reported she was not trying to learn. 


Resutts 


Learning.—In Fig. 1, the mean 
number of correct anticipations on 
Trials 2 (first anticipation trial), 3, 5, 
and 7 is shown for the four experi- 
mental lists. The means have been 
subjected to an average adjustment 
based on an analysis of covariance of 
the mean number of correct responses 
on Trials 2-8 as a function of the total 
number of correct responses on the 
practice list. This corrects the set of 
curves for initial differences on the 
control variable. The learning of the 
lists with competing associations 
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Fic. 1. Mean adjusted number of correct 
anticipations on Trials 2, 3, 5, and 7, as a 
function of the number of competing associations. 
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TABLE 2 


Triat on Wuicu Fixst Correct Anticipation 
or THe Common Parr Occurrep 





Measure 





A B 


3.95 $9 5 | 9.20 


5.95 
1.94 3.38 6.39 


Mean 
SD 


7.70 
2.58 





(Lists B, C, and D) is clearly slower 
during the early trials. 

For the pair common to all lists, 
GIGANTIC-YEARLY, an analysis 
was made of the trial on which the 
first correct anticipation of this pair 
occurred. These means for the differ- 
ent lists are shown in Table 2. The 
differences between the means are 
significant at the 1% level (F = 5.87, 
df = 3 and 72). If the Lists com- 
ponent in the analysis of variance is 
broken into two components, the one 
representing the contrast between 
List A and the other lists is significant 
at the 1% level (F = 11.56, df = 1 
and 72) and the other representing the 
differences between Lists B, C, and D 
is significant at the 5% level (F =3.43, 
df = 2 and 72). 

These and other analyses indicate 
interference early in learning for lists 
in which there are competing associa- 
tions. With various measures of 
early learning, the only contrast that 
falls short of significance in all 
analyses is between Lists C and D. 
All other contrasts are significant in 
some analysis. 

The adjusted mean trials to learn 
to the 7/8 criterion, using the total 
number correct on the practice list as 
a control variable, and the means of 
the mean overt errors per trial are 
shown in Table 3. Although Lists C 
and D took longer to learn, the Lists 
component in the analysis of co- 
variance is not significant (F = 1.46, 
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TABLE 3 


Learntnc Measures 


Adjusted Trials 
to 7/8 Criterion 


Mean Overt 
Errors Per Trial 


Mean 
14.71 
14.11 
19.67 
16.86 


1.10 
1.12 
1.17 
1.24 


9.05 
4.17 
11.70 
8.09 





TABLE 4 


Retention Measures 





Mean Pairs 
Recalled 


Overt Errors 
at Recall 


Mean Trials 
to Relearn 


Mean 


4.45 
3.55 
3.95 
3.20 


4.25 | 1.62 
3.90 | 1.04 
3.80 | 1.05 
4.00 | 1.69 











df = 3 and 71).4 While the mean 


number of overt errors per trial in- 


creases with the number of competing 
associations per pair in the list, the F 
obtained in the analysis of variance is 
less than 1.0. 

Retention.—The retention results 
are summarized in Table 4, where the 
mean number of responses recalled, 
the mean number of trials to relearn 
to the 7/8 criterion and the mean 
number of overt errors at recall is 
given. The different lists were re- 
called equally well (F < 1) and there 
were no significant differences be- 


‘Analysis of covariance was applied as a 
means of increasing the precision of the experi 
mental results and obtaining improved estimates 
of the list means, wherever the data merited 
such an analysis. The F’s obtained in the 
various analyses are actually less than the F's 
obtained with the usual analysis of variance of 
the data. The larger F’s with the raw data are 
due to the relatively poor performance of Ss 
assigned to List C on both the practice and ex 
perimental lists, the covariance analysis reducing 
the mean square for lists. 


219 


tween lists in relearning (F = 1.23, 
df = 3 and 72). More overt errors 
were made in recall of the lists with 
similar stimuli, but as the total 
number of errors on which the means 
are based is small, no reliance can be 
placed on these data. 


Discussion 


Learning.—The results are in general 
agreement with previous studies of the 
effect of competing associations on the 
learning of a new association. A single 
competing association per pair has little 
effect on learning (1,9, 14,16). If there 
is any interference in learning, it is 
observed only in the first few trials. 
Overt errors are usually present in in- 
creased numbers with 
association per pair. 


one competing 

With three or four competing associa- 
tions there is usually considerable inter- 
ference in the early stages of learning, 
this interference lasting somewhat longer 
than with a single competing association 
per pair. The frequency of overt errors 
remains at about the same level as with a 
single competing association (19), Max- 
imal interference seems to be reached 
with three or four competing associations 
per pair in that a greater number of 
competing associations does not result in 
more interference. 

That Ss showing an initial decrement 
due to competing associations catch up 
quickly with other Ss is a fairly general 
finding (14, 15, 16). In the present 
situation, it is conceivable that although 
the competing associations may continue 
to grow in strength 
through stimulus 


during practice 
generalization, the 
correct associations are growing at a 
much faster rate, and that once the 
difference in strength passes a certain 
minimum there is no further interfering 
effect of the competing associations. 
The general hypothesis may be ad 
vanced that the conditions leading to 
decremental effects in verbal learning are 
those that increase the number and/or 
strength of competing associations rela- 


tive to the strength of the correct 
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association. The strongest argument 
against such a hypothesis would be based 
on Underwood's recent study of response 
similarity (19). He found that the 
mean number of trials to a 10/10 criterion 
was not affected by variation in the 
number of pairs having similar responses, 
although the mean number of overt er- 
rors increased directly with this variable. 
Presumably, variation in the number of 
pairs having similar responses would lead, 
through response generalization, to varia- 
tion in the number of competing associa- 
tions per pair. It is possible that al- 
though trials to a 10/10 criterion do not 
vary as a function of this variable, a 
further examination of the data would 
reveal interference in the early stages of 
learning for the lists with similar re- 
sponses. If interference were to be 
found in the early trials, the generaliza- 
tion advanced concerning the role of 
competing associations in verbal learning 
would encompass considerable data. 
Retention.—The failure to find a 
variation in recall as a function of intra- 
list similarity confirms the previous 
findings (5, 17, 18, 19, 20, 21). As in 


any theoretical scheme, several assump- 
tions are involved in Gibson’s deduction 
that recall should vary inversely as a 


function of intralist similarity (3). The 
principal assumptions are: (4) incorrect 
associations subtract from correct as- 
sociations to determine the probability 
of a correct response; (6) increasing the 
number of similar stimuli in a list in- 
creases the number of incorrect tend- 
encies through stimulus generalization; 
(c) these generalized response tendencies 
are weakened, through differential rein- 
forcement, during learning; and (d) 
these generalized response tendencies re- 
cover strength with the passage of time 
since learning. 

There is little reason for questioning 
the first two assumptions, as much data 
is integrated by means of these assump- 
tions. As for the third assumption, it is 
true that if learning is carried to one 
perfect trial, the frequency of overt 
errors will reach zero. It is possible, 
however, that the error tendencies are 
not reduced absolutely during learning, 
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but that as the correct response tend- 
ency gains in strength, these error 
tendencies become relatively inconse- 
quential in determining the probability 
of a correct response. Such an inter- 
pretation is consistent with the transitory 
interfering effects of competing associa- 
tions. As for the fourth assumption 
that generalized responses recover 
strength in time, it is apparent that if 
they do so they exert little or no effect 
on recall. 


SUMMARY 


Previous studies of verbal learning have 
indicated that interference in learning increases 
with the number of competing associations. 
Four paired adjective lists, varying in the num- 
ber of competing associations per pair, were 
learned by the anticipation method and recalled 
24 hr. after learning. The results agree with 
previous findings that competing associations 
handicap performance early in learning and 
that intralist similarity does not affect recall. 
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IMPORTANCE OF OBJECT RECOGNITION 
IN SIZE CONSTANCY! 


ROBERT C. BOLLES AND DANIEL E. BAILEY 


University of California 


It has generally been taken for 
granted that the perception of the 
sizes of things is a process mediated by 
the traditional “cues,” i.e., parameters 
of distance (parallax, convergence, 
etc.) coupled with retinal image size. 
It is assumed that these cues carry 
the information that is used in per- 
ceiving sizes of things, and that no 
other information is needed or used. 
The thesis of this paper is that, in a 
familiar situation, S uses sensory in- 
formation (from the visual stimulus) 
to recognize and identify the “‘stim- 
ulus object,” but that the information 
utilized in judging sizes does not come 
exclusively from the visual cues to 
size, but comes also from S’s own past 
experience and learning. We suggest 
that where size constancy is most 
evident, i.e., in a familiar situation, it 
is probably not so much the perceived 
size which is invariant with distance 
as it is the identification of the object 
itself. 

The ability of S to achieve object 
constancy has been emphasized by 
Brunswik. He reports a correlation 
of .994 between S’s estimate of object 
size and the measured size (1). He 
found further that there was better 
achievement of object size than there 
was of the cues supposedly mediating 
the achievement of size. From these 
results Brunswik concludes that S had 
gained “command of a particular set 
of mediational cues and _ sensory 
instruments” by which there is a 
“natural focussing of the perceptual 


' This work was stimulated by remarks made 
by Dr. E. R. Hilgard at the Berkeley Conference 
for the Unity of Science (Prychol. Reo., 1955, 
62, 226-228). 
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system upon the distal stimulus 
variables” (1, p. 46). We would hold 
that much of the information used in 
judging the size of a familiar object 
comes from S’s past experience with 
the object. We suggest that poor 
achievement of the visual cues to size 
is a reflection of the fact that S has 
relatively little need of such cues. 
The human adult has many habits of 
language and action which enable 
him to function more economically on 
the basis of the identification of the 
object rather than on the basis of the 
cues to size. The information from 
the visual cues in any particular 
situation may be redundant. In other 
words, he is not dependent upon im- 
mediate information from his en- 
vironment but need only have in- 
formation about his environment. 

In the study to be reported here, 
Ss made two sets of size judgments of 
a representative sample of familiar 
objects: nonvisual estimates based 
only on verbal descriptions of the 
objects, and visual judgments under 
free, open-field conditions. Our hy- 
pothesis is that when identity of the 
objects can be established verbally, 
S can dispense with sensory cues and 
still make good estimates of size. 
In support of this hypothesis this 
experimental situation should provide 
three lines of evidence. We predict: 


1. Size constancy as measured by 
a correlation coefficient between meas- 
ured size and the nonvisual judgments 
of size will approach unity. 

2. The errors S makes in nonvisual 
judgment of size will not be, typically, 
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significantly larger than his errors in 
visual judgment. 

3. In those cases where S can im- 
prove his judgment with the addi- 
tional visual information, it will be 
because the object was not properly 
identified for the nonvisual judgment. 


In the nonvisual judgments of size, 
identification is assumed to be a 
function of two things: first, the 
homogeneity of sizes of objects like 
the described object, and secondly, 
S’s familiarity with objects like the 
described object. 


Mertuop 


Subjects. 
students. 

Procedure.—F¥ ifty-four objects in and around 
one of the £’s home were selected as stimulus 
objects. The logarithms of the sizes were 
normally distributed with a mean of 7 in. and 
an SD of 1.2 log cycles. This range is slightly 
smaller than that in Brunswik’s sample. A test 
of normality yields a p of .85 that the distri- 
bution does not depart from normality. The 
objects included such things as pencils, light 
fixtures, furniture, books, articles of clothing, 
automobiles, lawn mowers, garden hose, print, 
etc. The order of presentation of the objects 
in both the testing and control samples was 
random. 

The Ss were invited to E’s home individually 
for an afternoon. The whole procedure was 
interspersed with leisurely conversation. Each 
S was asked to close his eyes and to guess the 
size of an object that E described tohim. When 
S closed his eyes, he was told the genus and 
species of the object in question. For example, 
E said, “I have an ash tray. It is a ceramic 
ash tray with V-shaped notches in it. What is 
its diameter?” Reference to the size of the 
object was explicitly avoided. After making 
this judgment, S was told to look at the object 
and to make a second judgment of its size 
The Ss were also asked to make judgments of the 
sizes of 15 control objects while looking at them 
without having made preliminary nonvisua! 
judgments. 

Each S made a Q sort for the objects accord 
ing to his own manipulative familiarity with them 
(i.e., the relative amount of handling experience 
he had had with objects like the verbally 
described object). The Es made a Q sort for 
the objects according to their homogeneity (i.c., 


The Ss were five male psychology 
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TABLE 1 


CorrecaTions or Visvuat ann Nonvisual 
Jupcments wrrn Measurep Size 
Subjects 


s | 4 s | 


Judgment | Mean 


Visual 
Nonvisual #2 


| 995 | .993 | 993 | .995 | 993 | 994 
981 | 988!) 993! 985) .9R8 


the relative invariance of the sizes of the objects 
in that class of which a given stimulus object 
belonged). Thus an object described as “Life 
magazine” would be rated high, while an object 
described as “a yellow pencil” would be rated 
low in homogeneity. 


RESULTS 


The correlations of both the non- 
visual judgments and the visual 
judgments with the measured sizes 
are given for each S in Table 1. All 
of these correlations approximate 
unity. Interpreting these correlations 
as measures of size constancy, it fol- 
lows that these Ss 
sentially the same 
constancy with or 
information. This 
tion 1. 

The distribution of the differences 
between visual error and nonvisual 
error, given in Fig. 1, may be taken 
as a distribution of improvement 
scores, the improvement being at- 
tributable to the additional visual 


achieve es- 
size 

visual 
Predic- 


can 
degree of 
without 
confirms 


FREQUENCY 


) 


DIFFERENCE 


Fic. 1. Distribution of the differences between 
nonvisual errors and visual errors 
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information furnished to S by present- 
ing him with the object. 

In 52% of the cases, Ss were not 
able to improve their judgments with 
the additional visual information! In 
only a small proportion of the cases 
did the additional information enable 
Ss to make significantly better judg- 
ments, This small proportion of 
cases contains some very large im- 
provements; because of the skewness 
of the distribution, the mean is 
significantly greater than zero. Thus, 
the mean visual error is significantly 
smaller than the mean nonvisual 
error, and also the differences in cor- 
relations in Table 1 are significant. 
The important thing is that these 
significant differences are caused by 
relatively few judgments, which con- 
firms Prediction 2. 

Table 2 presents the mean absolute 
percentage error for each S made in 
visual and nonvisual conditions and in 
the control situation (visual judg- 


ments which were not preceded by 


nonvisual judgments). Percentage 
errors are relative to measured size 
and are taken without regard to sign. 

It is clear from Table 2 that making 
nonvisual judgments prior to making 
visual judgments does not influence 
the latter. Table 2 also indicates the 


TABLE 2 


Means or THe AssoLute Percentace 
or Errors vor Eacu S 


Subjects 


Srrere Compo 


Nonvisual 
Visual 
Control 
visual 
t(nonvisual 
-visual) 
t(visual- 
control) 
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TABLE 3 


Correvations or Errors ann Improvement 
with THE Dimensions or IpEenTIFICATION 
ror tHe Composite Suspyect 


Correlation 
Mani- 
pulative 


famil- 
iarity 


—.50 | —.32 — 54 
—.21 | +.09 — .06 





Errors 


Homoge 


neity Multiple 





Nonvisual 
Visual 





Improvement (Dif- 
ference in errors) 





— 49 


— .39 


— .56 








extent of individual differences be- 
tween Ss. 

The mean visual error, mean non- 
visual error, and mean manipulative 
familiarity were found for each object 
and averaged over the five Ss. The 
intercorrelations of the mean error 
scores and the homogeneity ratings 
based on the consensus of £s are re- 
ported in Table 3. 

The nonvisual errors show a sig- 
nificant negative correlation with both 
manipulative familiarity and homo- 
geneity, whereas the visual errors are 
not significantly correlated with either. 
Since improvement on the basis of 
visual information is significantly 
negatively correlated with both manip- 
ulative familiarity and homogeneity, 
we conclude that such improvement 
is a function of identification as it has 
been considered here. This confirms 
our third prediction. 

Except for three items of print 
which were consistently overesti- 
mated, there was no systematic rela- 
tionship between the size of object and 
error. These small items of print 
produced significant negative correla- 
tions in three Ss. 


Discussion 


These results show that S is not 
dependent upon visual stimulation in 
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making accurate estimates of the sizes of 
familiar objects. This fact is compat- 
ible with the findings of recent studies 
pointing out the role of cognitive proc- 
esses in perception (2,3). The correla- 
tions of the errors of estimation with the 
familiarity and the 
objects indicate that the tighter the sizes 
of a class of objects cluster around a 
fixed size, and the more familiar a person 
is with the class of objects, the better he 
can judge the size of a member of the 
class. 

Our hypothesis asserts that if verbal 
information provides full identification, 
elicit better 
Identification was assumed 
to be a function of two dimensions, and 
an attempt was made to quantify these 
However, identity other 
dimensions also; for example, individual 
verbal habits, frames of reference, in 
terest in the objects, etc. The fact that 
even our impoverished combined meas- 
ures of identity correlate —.56 with im 
provement suggests that a more sensitive 
measure of identity would reveal that it 
is the 
curacy of estimation. 
not unreasonable in that size is one of 
the basic criteria of classification of 
things in our world, one of the ways in 
which we know things. The word 
cigarette connotes (among other things) 
the size of cigarettes. Thus if a thing is 
a foot long, it can’t be a cigarette, and 
conversely. If a able to 
identify an object according to some 


homogeneity of 


visual cues cannot size 


judgments. 


depends on 


primary process mediating ac 


This assertion is 


person is 


classification, he has delimited its size. 


It should be obvious that if a person 
is trained to talk about objects in his 
environment with certain words, he can 
then describe these objects with those 


words. If part of learning about objects 
is learning to talk about their sizes, then 
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one should be able to talk about their 
sizes without “‘perceptual” mediation. 
Our results indicate that the adult 
human has available sufficient informa 
tion about his environment that, most of 
the time, his achievement of size con 
stancy 1s independent of sensory cues to 
One might be tempted to say that 
in the case of familiar objects size con 


$1Ze. 


stancy is nothing but a manifestation of 
stimulus error. 


SUMMARY 


Two sets of judgments of size of a repre 
sentative sample of familiar objects were ob 


based 


verbal descriptions of the objects, and visual 


tained: nonvisual estimates only on 
judgments of the same objects made under free, 
open-field conditions. Correlations of estimates 


of size with measured size approach unity, 
indic ating nearly perfect size constancy for both 
kinds of judging conditions. There is an im- 
provement, in terms of average error, with the 
additional visual stimulus. However, this im 
function of the 


that is 


provement is shown to be a 
better identification of the 
possible. This questions the assertion that the 


objects 


perceiver is “focused” upon the distal stimulus 
Most of the time, size constancy in regard to 
} igh 


mediation from the visual system as it is with the 


familiar objects is just as without any 


visual system available 
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EFFECT OF DELAY OF KNOWLEDGE OF RESULTS 
ON LEARNING A MOTOR TASK! 


JOEL GREENSPOON 
Florida State University 


The delay of reward has been 
demonstrated in a number of studies 
with animals (2, 4, 5) to slow the rate 
of learning. These studies have 
shown that as the time interval 
between the response and the reward 
is increased, the rate of learning is 
decreased. Saltzman (6) has in- 
vestigated the effect of delaying re- 
ward on the rate of learning in human 
Ss. The results of his experiment are 
in agreement with the results obtained 
with animals. 

Since delay of reward has been 
found to influence significantly the 
rate of human verbal learning and the 
rate of animal learning, it was felt 
that a similar effect may be demon- 
strated by delaying reward in a human 
motor learning situation. It was the 
purpose of the present study to in- 
vestigate this problem. Specifically, 
this experiment was designed to study 
the effect of delaying knowledge of 
results on the speed of learning a 
motor task by human Ss. 


MetTuop 


Apparatus.—The experiment was conducted 
in a small room in the psychological laboratory 
of Pomona College. The room contained two 
chairs, one on either side of a small table. A 
strip of glass, 2 ft. by 2 ft., was fastened to the 
top of the table. An L-shaped strip of metal, 
18 in. long, was placed on its side across the 
glass and fastened to the top of the table. The 
metal strip was ground to a smooth edge. 
Lines 2}, 3, and 3} in. from the left-hand stop 
were marked on the top of the metal strip. A 
roll of heavy brown paper was attached to a 


' Portions of this paper were presented at the 
meetings of the Western Psychological Associa- 
tion by the junior author, Long Beach, Calif., 
May, 1954. 
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roller under one side of the table. The paper 
passed over the glass and under the metal strip 
to the opposite side of the table where it was 
attached to another roller. Thus the paper 
could be rolled from one roller to the other. The 
entire apparatus was covered with a black cloth 
except when in use. A mechanical pencil, a 
blindfold, and a stop watch were set on a ledge 
near the table. 

Subjects —The Ss were 40 undergraduate 
students at Pomona College who were randomly 
assigned to five groups of eight Ss each. 

Procedure and design.—Each S was run 
individually. After entering the experimental 
room, S was seated at the table and given the 
following instructions. “What I want you to 
do is to draw 3-in. straight lines horizontally 
while blindfolded, like this [E demonstrated 
by drawing a horizontal line in the air]. When 
you have completed your line, leave your hand 
at the point where you stopped. I shall return 
your hand to the starting point. Also keep 
your arm and hand off the table while drawing 
your line. You are to have only the point of 
the pencil touching the paper. Are there any 
questions?” Pertinent parts of the instructions 
were re-read to S§ if questions were asked. If 
there were no questions, S was blindfolded, the 
apparatus uncovered and the pencil placed in 
S’shand. The pencil was placed at the starting 
point, the left-hand stop of the metal strip, 
and S drew the line along the edge of the 
smoothly ground metal strip. 

The information given to S was “long,” 
“short,” or “right.” A “long” response was a 
line more than 3} in. in length. A “short” 
response was a line less than 2} in. in length. 
A “right” response was line between 2} and 3} 
in. long. 

Each S drew 50 lines with 30 sec. between 
each trial. 

For Ss in Group I, the information was given 
immediately on completion of the line. As soon 
as S drew his line, E gave the appropriate in- 
formation and started the stop watch. After 
30 sec. had elapsed, E picked up S’s hand, 
rolled up the paper and replaced S’s hand at the 
same starting point for the next trial. The 
same procedure was followed for all trials and 
for all Ss in all groups except for the interval 
between completion of the line and the pres- 
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Mean number of “right” responses of the control and experimental 
groups for successive blocks of five trials. 


entation of the information. For Ss in Group 
II the information was given 10 sec. after S 
completed the line, for Ss in Group III 20 see 
after S completed the line, and for Ss in Group 
IV 30 sec. after S completed the line. The S’s 
hand was returned to the starting point for 
the next trial after a time interval necessary to 
make the total time of 30 sec. for a trial. For 
Ss in the control group no information was given 
and S’s hand was returned to the starting point 
30 sec. after completing the last response. 


RESULTS 
The means and SD’s of the total 


number of “right’’ responses of each 


rABLE 1 


Means ann SD's or 
RESPONSES IN 


“Ricut 


50 Triats 


Mean | 27.38 | 21.88 | 15.00 | 14.00 
SD | 4.12 4.26 2.00 2.06 


group in the 50 trials is presented in 
Table 1. A simple analysis of vari- 
ance (1) showed that the effect of 
treatments was highly significant 
(F = 58.75, df = 4and 35, P = .OO1). 
The mean ‘differences were analyzed 
by t tests (1) for unmatched groups. 
The only difference between groups 
that was not significant at the .05 
level or better was that between the 
20-sec. and 30-sec. delay groups 

The mean number of correct re- 
sponses of each group for successive 
blocks of five trials is presented in 
Fig. 1. The consistency of the differ- 
ences between 


groups throughout 


practice is clear. 


Discussion 


The results of this experiment demon 
strate the efficacy of immediate know! 
edge of results in the learning of a motor 
task. The results are in agreement with 
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the results obtained from the delay of 
reward in both human verbal learning 
and animal learning situations. 

Though Ss were instructed to maintain 
their hand at the point where they 
finished drawing the line, it is reasonable 
to assume that activity continued during 
the period before S’s hand was returned 
to the starting point. This activity 
would be concerned with the mainte- 
nance of the hand at the finishing point. 
This activity may differ from the activity 
of drawing the line. Hence the in- 
formation which was delayed would be 
following the “hand-maintaining activ- 
ity” rather than the “line-drawing 
activity.”” It is possible, therefore, that 
the information presented by E would 
tend to reinforce activity which may not 
be related to the “‘line-drawing activity” 
and thus reduce the effectiveness of the 
information. The one consistent activ- 
ity was the “‘line-drawing activity.” 


Thus even in the case of the 20-sec. and 
30-sec. delay periods, there would be 
some activity associated with the “‘line- 
drawing activity” reinforced, but the 
incidence of stimuli eliciting the “right” 


response which were reinforced would be 
smaller with the increased delay and 
thus reduced the rate of learning. This 
position may be strengthened by the 
results of a similar experiment by Kanfer, 
Saltzman, and Greenspoon (3) in which 
significant differences were rot obtained 
with increasing intervals of delay. In 
the latter experiment, however, the 
hand of S was not returned to the same 
starting point for successive trials. This 
may have enabled stimuli which were not 
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present on the previous trial to be present 
on the following trial and thus affect the 
rate of learning regardless of the length 
of delay. Additional research, however, 
is necessary to resolve some of these 
issues. 


SUMMARY 


The effect of delaying reward on the learning 
of a motor task by human Ss was investigated. 
The task required Ss to draw a 3-in. line while 
blindfolded. The information concerning the 
accuracy of the line was delayed for 0, 10, 20, 
and 30 sec. in four different experimental groups. 
No information was given to Ss in the control 
group. The results indicate that increasing the 
length of the delay interval reduced the rate of 
learning. A delay up to 30 sec. was found to be 
superior to no information. 
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